The Resolution of Two Methoxy-Naphthyl Ethanols. by Mahmud, Sultan.
OF
TWO M ETH Q XY-N APH TH YL ETHANOLS
a m
A  thes is  subm itted to  the U n ive rs ity  o f London
fo r
THE DEGREE O F DOCTOR O F PHILOSOPHY
by
SULTAN M AHM UD, M .S c .(A llg .)
B a tte rsea  College o f Technology, 
London, S .W .11.
ProQuest Number: 10803811
All rights reserved
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.
In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.
uest
ProQuest 10803811
Published by ProQuest LLC(2018). Copyright of the Dissertation is held by the Author.
All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode
Microform Edition © ProQuest LLC.
ProQuest LLC.
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106- 1346
ACKNOWLEDGEMENT
The w ork described in  th is  T h e s is  was undertaken 
a t B attersea C ollege o f Technology under the supe rv is ion  o f 
D r . J . Kenyon, F .K .S . The au thor expresses h is  s incere  thanks 
to  D r . Kenyon fo r  h is  kindness and inva luab le  guidance throughout 
the course o f w o rk .
To D r . J .E . Salm on, the Head o f the C hem istry  
D epartm ent, the author expresses g ra titude  fo r  genera l in te re s t.
January, 1959
-ABSTRACT
V arious investiga tions c a rrie d  ou t in  th is  la b o ra to ry  
have shown the v e ry  pronounced in fluence exerted  by a m efkoxyl 
group substitu ted  in  the o rth o - o r p a ra * p o s itio n  o f a phenyl ra d ic a l 
In  co n fe rrin g  a lky l-oxygea  fis s io n  behaviour in  the h yd ro lys is  o f 
ca rboxy iie  es te rs  o f appropria te  a lcoho ls .
F o r exam ple the ca rbo xy iie  e s te rs  o f 1 -phenyl ethanol 
show no tendency tow ards a lky l-oxygen  fis s io n  ye t when a m ethoxyl 
group is  substitu ted  in to  the j> -pos ition  the re s u ltin g  e s te rs  re a d ily  
e xh ib it th is  behaviou r.
S im ila r ly  when a m ethoxyl group is  in troduced In to  the 
2 - o r 4 *  p o s itio n  o f benzhydrol the re su ltin g  compounds show v e ry  
pronounced a lky l-o xyg en  fis s io n  behaviou r. S im ila r ly  1 -1 -(1 - 
naphthyl) ethanol shows lit t le  o r no tendency to  a lky l-oxygen  fis s io n  
and p a rt o f the ob ject o f the present w ork  was to a sce rta in  the extent 
o f the in fluence o f a m ethoxyl group when substitu ted  In  the o rth o * 
p o s itio n  to the sec-a lcoho lic  grouping and com pare th is  w ith  the 
e ffe c t o f a m ethoxyl group substitu ted  in  the second nucleus o f the 
naphthyl ra d ic a l.
I t  is  shown th a t the in fluence o f the o rth o -m e th o xy l 
group is  fa r  g re a te r than th a t substitu ted  In  the second benzene 
rin g  as m igh t be an tic ipa ted  on genera l grounds * neverthe less 
its  in fluence is  qu ite  pronounced.
In  m arked  co n tra s t i t  is  shown th a t the in fluence o f 
a m ethoxyl group in  the 4 -p o s itio n  o f the phenyly l ra d ic a l is  not 
tra n s m itte d  to  the 1-p o s itio n  fo r  the re su ltin g  a lcoho l exh ib its  
no tendency to  a lky l-oxygen  fis s io n .
III
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-Chapter I"-
' i H t R O B t r C T l O N  ; ■'
Racem le a lcoho ls a re  m ost conveniently reso lved  In to  
th e ir  o p tic a lly .a c t ive  fo rm s  by an a p p lica tio n  o f one o f the o rig in a l 
m ethods devised by the g rea t F rench  C hem ist P a s te u r.
The n e u tra l a lco h o l Is  converted in to  an a c id ic  
d e riva tive  and th is  In  tu rn  Is  com bined w ith  an o p tic a lly  active  base. 
The re su ltin g  s a lt is  then subm itted  to  fra c tio n a l c ry s ta llis a tio n  
whereby Its  two d laste reo isom ers m ay g e n e ra lly  be separated. The 
less soluble s a lt in  m ost cases can be obtained com ple te ly fre e  fro m  
the m ore so lub le s a lt and thus can give# a fte r decom position# one 
Isom er o f the o rig in a l a lco h o l la  a cond ition  o f o p tica l p u r ity .
The m ore  soluble- salt, present in  the va rio u s  f iltra te s  
fro m  the fra c tio n a l c ry s ta llis a tio n  process# is# Inevitab ly# m ixed 
w ith  va ry ing  p rop o rtio n s  o f the le ss  soluble d iae te reo isom er since 
i t  is  a ve ry  ra re  occurrence  fo r  one s a lt to  be m odera te ly so lub le 
and the o the r to  be a lm o st com ple te ly  inso lub le  in  the same so lven t.
Thus va rio u s  devices have been used fo r  the is o la tio n  o f 
the second o p tica l iso m e r o f the o rig in a l a lcoho l depending upon the
physica l p ro p e rtie s  o f the p a rtic u la r compounds -  they m ay he 
c la s s ifie d  as fo llow s;-- ■■■■;-:* -■> ri :;:-
> = (i). I t  som etim es happens th a t one d ia s te re o iso m e ric
.. sa lt is  v e ry  m uch le s s . soluble than the o ther :and so separates 
a lm ost com ple te ly .-. Thus i t  can happen th a t the:'second sa lt w ill 
separate, in  a c ry s ta llin e ' cond ition  capable '1 o f p u rific a tio n  fro m  the 
■slight 'contam ination' b y : re c ry  s ta ll! satioxi; . ■,. 'the; use o f a d iffe re n t 
solvent being som etim es more- e ffe c tive *' ■ In  th is  exam ple on©
' alkaloid iis'Capable o f yielding; two-different idiastereolsomerlc 
.sa lts  one of w hich y ie ld s  an o p tic a lly  pure; d e x tro -ro ta to ry  a c id  
■ este r and the o ther the co rrespond ing  o p tic a lly  pure la e v o -ro ta to ry  
ac id  e s te r .. .U n fo rtuna te ly th is  type > o f behaviour is  . not ve ry  common 
but .a new exam ple is 'd e sc rib e d  la te r; in .th is  ..thes is .; i
v i ( II)  Som etim es i t  happens -that the; s o lu b ility  o f the . 
o p tic a lly  a c tive  ac id  ester*: is. less than tha t o f the r&cemife fo rm  
'■and;this p e rm its  th e 'Separation o f an o p tic a lly  pure fo rm  fro m  its  
; adm ixtu re  w ith  a sm a ll p roportion, of; the"corresponding racem ate by 
fra c tio n a l c ry s ta llis a tio n . A good example o f this procedure is  
p rovided by the re so lu tio n  o f oc tane -2*o l: a so lu tion  o f the b ruc ine  
s a lt o f 2 -o c ty l hydrogen phthalate in  acetone o f su itab le  concen tra tion
deposits overn igh t a crop  o f sa lt approx im ate ly  50% o f the to ta l 
am ount. Decom position o f th is  y ie ld s  the (+ )-a c id  e s te r o f about 
73-80% o p tica l p u rity  and th is  a fte r two c ry s ta llis a tio n s  fro m  
acetic acid  gives the o p tic a lly  pure (+ )-a c id  e s te r (y ie ld  35%). 
S im ila r ly  fro m  the acetone f ilt r a te  the o p tic a lly  pure (-) -a c id  e s te r 
is  obtained (y ie ld  35%); thus some 70% ©f the o rig in a l racem ate is  
obtained as its  o p tic a lly  pure com ponents.
( iii) ln  a few  cases the p o s itio n  is  reve rsed  and the 
racem ic e s te r is  m uch less soluble than its  o p tic a lly  a c tive  
components so th a t an o p tic a lly  im pure  e s te r can be re a d ily  
separated in to  its  in ac tive  and active  com ponents by c ry s ta llis a tio n  
fro m  a su itab le  so lven t. The m ore soluble a c tive  e s te r can thus be 
obtained o p tic a lly  pure fro m  a second so lven t. T h is  is  the basis o f 
the re so lu tio n  described by Ho us sa and Kenyon (J .C .S . # 1930.2260)# 
otsC  -phenyl-e thano l.
■ ■ )
( iv ) In  o the r exam ples, although the s o lu b ilitie s  o f the 
racem ic and o p tic a lly  ac tive  a c id  este rs m ay not be m arked ly  
d iffe re n t, those o f the corresponding racem ic and active  a lcoho ls 
may be s u ffic ie n tly  d iffe re n t to  a llo w  o f th e ir  separa tion  by 
c ry s ta llis a tio n .
4T h is  procedure is  c le a rly  lim ite d  to  c ry s ta llin e  
a lcohols hu t an example o f its  ap p lica tio n  is  described in  th is  
thesis*
(v) A  common procedure  fo r  obta in ing both the 
(+)~and (-)-fo rm s  o f an ac id  e s te r is  by com bining the o p tic a lly  
im pure  fo rm  de rived  fro m  the m ore soluble s a lt, p repared  fro m  
one a lka lo id , w ith  a second a lka lo id  and subm itting  th is  new s a lt 
to  fra c tio n a l c ry s ta llis a tio n .
I t  is  to  be observed th a t a p a rtic u la r a lcoho l m ay have 
been obtained in  its  (4*1 o r (*)* fo rm s  by two o r  m ore  o f the va rio u s  
procedures ju s t ou tlined  and th a t in  a ll cases the m agnitudes o f the 
observed ro ta to ry  powers a re  in  exce llen t agreem ent.
A  few  racem ic a lcoho ls , the o p tic a lly  a c tive  fo rm s  o f 
w hich occur n a tu ra lly  e .g .,  JUoC «>terpineol and d -e th y la m y l c a rb in o l, 
when reso lved possess ro ta to ry  powers w hich agree ve ry  c lo se ly  w ith  
those o f the n a tu ra l p roducts .
Thus the re  is  sound evidence fo r  be liev ing  th a t the 
m ethod o f re so lu tio n  described  above re su lts  in  the p roduction  o f 
compounds o f com plete o p tica l p u rity  •
5The H yd ro lys is  o f C arboxyiie  E s te rs * .,
r The resolution., o f racem ic  a lco h o ls , ju s t described , 
invo lves as its  la s t stage the h yd ro lys is  o f an a c id  ph tha lic  e s te r 
and the question im m ed ia te ly  a rise s  as to  w hether the a lcoho l 
su ffe rs  any lo ss  o f o p tica l a c tiv ity  during  th is  process o f a lka lin e  
h y d ro ly s is .-",: . m.
An answer is  p rovided a t once by re -com b in ing  the 
lib e ra te d  active  a lcoho l w ith  ph tha lic  anhydride and noting th a t the 
ro ta to ry  power o f the re fo rm ed  e s te r is  id e n tica l w ith  th a t o f the 
o rig in a l e s te r.
I t  fo llo w s th a t both the h yd ro lys is  and re  -este  r ific a tio n  
have o ccu rre d  w ithout lo ss  o f o p tica l a c tiv ity .
T h is  observa tion  is  app licab le  to  a lcoho ls o f the type 
KRCKGH were both R and i f  m ay be a lk y l o r a ry l groups i . e . ,  
sa turated a lcohols •
When, how ever, the (+)-hydrogen phthalate o f
Me.GHaCHw / H
h  3-d im e th y la lly l a lcoho l is  hyd ro lysed  w ith
Me <DH
aqueous sodium  hydroxide the ro ta to ry  power o f the lib e ra te d  a lcoho l 
va rie s  w ith  the concentra tion  o f the a lka lin e  so lu tion ; being
6high when the concentra tion  oi  ©odium hydroxide is  highC$l?3 and 
p ro g re ss ive ly  lo w e r a© the concentra tion  is  decreased so th a t 
eventually ra cem isa iio n  m ay he a lm ost com plete*
it" thus appears lik e ly  tha t a lka lin e  h yd ro lys is  o f 
ca rboxy iie  este rs m ay invo lve  two d iffe re n t processes -  one which 
should account fo r  the com plete re te n tio n  o f o p tica l a c tiv ity  w h ils t 
the o ther should p e rm it o f its  lo s s .
Two m echanism s m ay he fo rm u la ted ;
.0
(i) C ' !  ; (ii) R —<r l I
:OH > 0 : |R  + HO:|H
I
's/:OR + H
It
t
fo r  which the use fu l te rm s  ( i)  acyl-oxygen and ( ii)  a lkyl^oxygen fis s io n  
were suggested by Day Sc Ingo ld  in  1941.
In  process (l))no  bond attached to  the a sym m e tric  atom  
in  HOH. is  broken and thus no lo ss  o f o p tica l a c tiv ity  would he expected. 
In  ( ii)  the ra d ic a l H  (ca rry in g  a sm a ll p o s itive  charge) is  
postu la ted, thus invo lv ing  the breaking o f one bond attached to  the 
asym m etric  atom  and the loss o f o p tic a l a c tiv ity  ow ing to  the ra d ic a l 
E  assum ing a p lana r con figu ra tion*
7TMs la tte r  m echanism  o f h y d ro ly s is : is  e ffected fey 
e lectron  d r if t  fro m  the double bond prom oted fey:the presence o f 
the m ethyl groups.
 . s+
CH*CH «-CH3^ ± r  CH3.C H .. .C H .. .CH.CH3
o . o t . c&i %.cc5. c ^ .e y s % .c o 2
(+)
■ . . OH '
— z t  CH*. CH. CHsCH. CH,
I
OH
<+)
T ha t the pronounced tendency o f tf)% l;3 *d ixn e fh y l 
a lly ! hydrogen phthalate to  undergo h y d ro lys is  fey a lky l-oxygen  fis s io n  
in  d ilu te  a lk a li m ay fee due to  the com bined in fluence  o f the 
e thyl enic bond and o f the  m e thy l groups is  s tro n g ly  supported fey 
the fo llow ing  evidence:-* .
( i)  1-m e th y l a lly l acetate and 3-m e th y l a lly l acetate 
separa te ly undergo h yd ro lys is  fey N /Z  aqueous a lk a li (P re vo s t, 1928) 
o r d ilu te  ac id  (Ingo ld  & Ingo ld , 1932) to  y ie ld  in  each case the paren t 
im isom erised  a lco h o l.
( Ii)  ( 't j- l^ m e th y la lly l hydrogen phthalate on h y d ro lys is
w ith  aqueous a lk a li (p robab ly SN) y ie ld s  (+ )» l-m e th y la lly l a lcoho l in  
an o p tic a lly  pure cond ition  (Kenyon & S ne llg rave , J .C .S .* 1925,1169}*
a lly ! ch lo rid es  a re  some hundreds ©I tim e s  m ore  ra p id  than those o f 
th e ^  *o r  V  -m o n o m e tliy la liy l ch lo rid es  {Yernon, J .C .S ., 1954,423).
I t  thus seems to  be established th a t the occurrence  o f 
a lky l-oxygen  fis s io n  in  these substitu ted  a lly l a lcoho ls re q u ire s  tha t 
the Influence o f the e thylen lc bond be re in fo rc e d , no t by one m e th y l 
group o n ly , but by tw o .
When the h yd ro lys is  is  not a llow ed to  go to  com pletion  
the recovered  (*)~acid  e s te r Is  p a rtia lly  racem ised thus showing tha t 
the in it ia l io n isa tio n  Is  re v e rs ib le .
I t  w ill be noted tha t ©wing to  the carbonium  ion  being 
sym m e trica l the same chem ica l in d iv id u a l w ill be produced whether 
the h yd ro xy l group becomes attached to  the 1 - o r the 3-carbon  atom *
( i i i j  The ra tes o f h yd ro lys is  otd>d  *  andY ^f ^ d im ethy l
r   ------- ~"n
Me CH CH CH Me
When the a lly ! e s te r is  not s ym m e tric a lly  substitu ted
9d iffe re n t products w ill re s u lt fro m  the a ttack o f OH a a fo lio  we:
P h • CH*CH:CH• Me SN-NaoH P kX H .C H -.C H .M e " t
»  • A c
O.CO.CgH^COj '  OH
(-> \  ( - )
dll.NaoH Ph.C H .. .C H .. .CH.M e— »Fh.CH:CH.CH.Me 3 A£
OH
Ph.CH:CH. CH.Me 5N-NaoH Ph.CH:CH.CH.Me B . 2
| ---------— >  I AC
o . c o . c6h4. co2 o h
<-> (-)
Hydrolysis of these two esters with concentrated 
sodium hydroxide gives the almost optically pure alcohol of 
corresponding structure, whereas reaction of either ester with 
aqueous sodium carbonate gives (+)-1 -methyl«3»phenylallyl 
alcohol as a consequence of nueleophilic attack on the mesomerie Ion
Sr f +
Ph.CHrTTrCH.-m CH. Me
tbu#C /*m ethyl*' y -p h e n y la X ly l a lcoho l la  the m o t a s tru c tu ra lly  
stable Iso ro e r.
I 1 he m a la  fa c to r in  p rom oting  a lky  l*o x y  gen fis s io n  
In  these e s te rs  o f substitu ted  a lly ! a lcoho ls would appear to  he 
e le c tro n  re lease by the e thy le n t c bond to  the carbon atom  c a rry in g  
the h yd ro xy l g roup .
/ ' - >  I / V
c = c — C— O— CO*—
I
Since a s im ila r  m echanism  o f e le c tro n  supply can be
-ir
a ffo rd e d  by an a ry l group p a rtic u la r ly  when i t  is  substitu ted  in  the 
£ *  o r opposition by an e le c tro n  — re leas ing  group i t  was to  be
u s h ^ k . I
a n tic ipa ted  th a t e s te rs  o f a lcoho ls  o f th is  s tru c tu re  would undergo- 
h yd ro lys is  by a lky l^oxygen fis s io n : th is  proved to  be the case (Ball®  
S t a l i i ,  J .C .S ., 1942,60$) as the fo llo w in g  re s u lts  show.
( i’)-4»m ethoxy»>diphenylm ethyl hydrogen phthalate on 
sapon ifica tion  w ith  a lco h o lic  potash y ie ld s  the a lm ost o p tic a lly  pure
a lcoho l, but w ith  aqueous sodium  hydroxide the lib e ra te d  a lcoho l 
is  ex te n s ive ly  racem ised ^  the m ore d ilu te  the a lka lin e  so lu tion  the 
g re a te r is  the loss © Io p tic a l a c tiv ity *
phthalate la  aqueous O . !5N -sod ium  hydroxide becomes m ilk y  
w ith in  a le w  m inutes and g rad u a lly  deposits an o il w h ich, on 
h y d ro ly s is , g ives the whole o f the p a rtia lly  raeem ised a lcoho l and 
about 50% o f the to ta l ph tha lic  ac id* The upper aqueous la y e r on " 
a c id ific a tio n  y ie ld s  the rem a in ing  50% o f the ph tha lic  a c id .
The h yd ro lys is  in  d ilu te  a lk a li invo lves a lky l-oxygen  
fis s io n  Is  fu rth e r dem onstrated fey the fo llo w in g  reactions:
A solution of 4-methoxydiphenylmethyl hydrogen
These re su lts  can fee expressed fey the equation:
fS ^T jC O .O .R
1 NaOH 
(+)R .O H
NaOH
<+)ROH ♦ (+)SOH
One m olecule  o f the hydrogen phthalate,. by undergoing 
alkyl**oxygen fission, provides R which can, in  th is  case, re a c t 
w ith  a second hydrogen phthalate m olecule to  g ive the n e u tra l d igeste r, 
When a so lu tion  o f 4 -m  ethoxy d iphenylm ethyl hydrogen 
phthalate in  d ilu te  aqueous sodium, hydroxide  is  m ixed  w ith  an 
equivalent am ount o f sodium  tol uene j»-sulphinate the re  is  ra p id ly  
fo rm e d  a c ry s ta llin e  p re c ip ita te  of 4-m ethoxy dipheny Imethy 1 to ly l 
sulphone accord ing  to  the equation:
aCCOR ^ \ ^ - C 0 2Na O(+) c f i ^ o 2 m —) i+G K —3—E. 7  7 tCOONa v ^ C O jN a  O
In  th is  case 11 m ig ra te s  to  a m olecule  conta in ing no- „ 
o p tic a lly  a c tive  cen tre  and the resu lting  sulphone Is  devoid o f o p tica l 
a c tiv ity ,.
These two reac tions  a ffo rd  convincing support fo r  the 
v ie w  th a t 4 -m ethoxy d iphenylm ethyl hydrogen phthalate undergoes ' 
h y d ro ly s is  In  d ilu te  a lka lin e  so lu tion  by a m echanism  w hich invo lves 
the lib e ra tio n  o f a p o s itive  carhonlum  Ion i . e . ,  by a lky l-o xyg en  
fis s io n .
It becomes of interest to investigate what other 
structural features will confer'on alcohols the property of alkyl- 
oxygen fission in the hydrolysis of their carboxyiie esters and 
this thesis describes the study of l#l^(§*methoxy-I-naphthyi)
... y
ethanol, I-I^2-metkoxy-l-naphfhyll ethanol and 1-1-(4*methoxy-4 
diphenyly 1) ethamot and their esters.
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C hapter I I
D iscussion o f the p repa ra tion  and re so lu tio n  o f a lcohols 
contain ing the N aphthyl group;
l*l*{4 -m e ih 0 xy*2 -n a p h ih y l)e th a n o l was obtained fro m  
6 -m e th o xy-2 -a ce ty l naphthalene. T h is  ketone was prepared 
by the action  o f a ce ty l ch lo rid e  on 2 -raethoxy-naphthalene in  
n itrobenzene in  the presence o f anhydrous a lum in ium  c h lo rid e .
The use o f n itrobenzene as a so lvent g ives th is  ketone as the 
m a jo r p roduct whereas when i t  is  rep laced by carbon d isu lph ide , 
the Iso m e ric  2-m ethoxy*I«*acetyl naphthalene is  the p rin c ip a l 
p roduct. The c a rh in o l was obtained by the reduction  o f 6-m ethoxy*
2 -a ce ty l naphthalene w ith  a lum in ium  isop ropox ide • A ttem pts to  
reduce th is  ketone w ith  <i) m agnesium  and d ry  m ethanol o r ( ii)  
z inc dust and aqueous-a lcoholic caustic  soda were unsuccessfu l.
The hydrogen phthalate fro m  the ca rb in o l was obtained 
in  about 90% y ie ld  by the use o f p y rid in e . I t  was suggested by 
G e rra rd  (J .C  .S ., 1940,218) th a t the function  o f p y rid in e  as a 
ca ta lys t in  the re a c tio n  between a lcohols and the a c id  anhydrides 
m ig h t be to  a s s is t p ro ton  rem ova l fro m  the h yd ro xy l group ra th e r
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than to  cause io n ic  fis s io n  o I the a c id  anhydride . B aker &
Oaunt (J .C .S . ,  1949, IS ) showed th a t the a lte rn a tive  m echanism  
in vo lv in g  hydrogen bonding between the base and the a lcoho l Is  
a lso  im p o rta n t, and i t  seems probable th a t the re a c tio n  Is  
com plex and m ay Involve both m echanism s. Hydrogen bonding 
between the h yd ro xy l group and the N * o t the base would re s u lt 
in  an increased  p o la risa tio n  and lengthening o f the oxygen bond, 
thus m ark ing  the alkoxy^hydrogen fis s io n  m echanism  e a s ie r.
The hydrogen phthalate d id  not fo rm  a s a lt w ith  
b rucine  even on long stand ing. H ow ever, the c ry s ta llin e  
cinchonid ine s a lt o f the ac id  e s te r re a d ily  separated fro m  acetone.
P vecrysta llisa tion  was c a rr ie d  out fro m  acetone u n til the less 
soluble cinchonid ine s a lt o f the a c id  e s te r was obtained o p tic a lly ' 
p u re . T h is  s a lt o f the a c id  e s te r was decomposed w ith  d ilu te  
h yd ro ch lo ric  a c id  and the lib e ra te d  a c tive  (*  ^ hyd rogen  phthalate 
re c ry s ta llis e d , fro m  ch lo ro fo rm  and bensene. ■
The f ilt ra te  and washings fro m  the le ss  soluble 
c inchonid ine s a lt o f the a c id  e s te r were concentrated and decomposed 
by d ilu te  h yd ro ch lo ric  a c id . The lib e ra te d  p a rtia lly  ac tive
hydrogen ph tha lic  e s te r, a lte r c ry s ta llis a tio n  w ith  ch lo ro fo rm  
and benzene y ie ld e d  the o p tic a lly  pu r e{-§)-hydrogen phthalate* 
hydrogen phthalate o f th is  a lcoho l shows the 
tendency tow ards a lky l-oxygen  fis s io n  w hich is  discussed in  the . 
la te r  section*
The optically active alcohol was obtained by hydrolysing 
the hydrogen phthalic ester with Z Mots of sodium hydroxide In 
ethanol (99%)* The (-)-hydrogen phthalate 1 4  in  dry acetone)
Jj
gave the (*t)-alcohol £«L  in dry acetone) and the (-)-alcohol was__ D
obtained fro m  (+)-bydrogen ph tha lic  e s te r.
When equal am ounts o f (+ )- and ( - ) -hydrogen phthalate 
were d isso lved  la  d ry  acetone and mixed# the re su ltin g  so lu tion  had 
[ c ^  $ 0 .0 , and on a lio  wing i t  to  evaporate to  d ryness, the residue 
had m .p * 135°, id e n tic a l w ith  th a t o f th e  o rig in a l racem ic  hydrogen 
phtha la te . ■
Similarly, when equal amounts of the (+)- and (- ) -alcohols 
were dissolved In dry acetone and mixed, the resulting solution 
g a v eH  fO.0 ***** oa evaporation to dryness, the (i)-alcoholJUs
obtained from its optical antipodes had m .p . 113°, the same as that
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o f the o rig in a l racem ie  a lcoho l*
The a lm o st equal ro ta to ry  powers o f the (*)~  and ( - ) -  
hydrogen ph tha lic  est@ r»,[cc[^+30*4o(in  d ry  acetone) a n d 30. 3°
(in  d ry  acetone) re sp e c tive ly  and o f the (4*)* and (-)-a lc o h o ls ,
D 5 ^ *4 7 * 9°<ia d ry  acetone) a n d [fil^ * 4 6 .3 0(ia  d ry  acetone) m ay 
be taken as an in d ica tio n  th a t o p tic a l p u rity  has been achieved.
The o p tic a lly  active  fo rm s  o f the hydrogen phthalate have m e lting  
po in ts h ig h e r than th a t o f the ( i)-ra c e m ic  com pound. In  the case 
o f the a lcoho ls , the o p tic a lly  ac tive  fo rm s  have the m e ltin g  po in ts 
equal to  tha t o f the racem ic a lcoho l as recorded  below;
\
Compound 1 ■ ' (+) ' ( * )  ($)
Hydrogen phthalate I4$*l$@ ° I4 9 * l§ § °  13S° ' j
C a rb in o i 113° U 3 °  113° !
■ ' \
The mixed melting point of the (i)-hydrogen phthalate
.. y-t .... "" '
or (+) -alcohol, by m ix ing  w ith  the (i)-k y d ro g e n  phthalate or 
(+)-a le© hol obtained by taking  equal am ount o f (+)* and (-l-com pound  
p rov ides evidence o f s tru c tu ra l id e n tity . /• i .
' i
The sp e c ific  ro ta to ry  pow ers o f the a lcoho l and its  /
hydrogen phthalate in  d iffe re n t solvents a re  recorded  fo r  lig h t o f
va rious w avelengths. There  a re  wide va ria tio n s  o f ro ta to ry  
powers la  d iffe re n t solvents v iz . , acetone, ch lo ro fo rm  and 
p y rid in e . The h ighest ro ta tions were obtained in  p yrid in e  
so lu tion  w ith  a change o f sign o f ro ta tio n . In  c h lo ro fo rm , in  the 
case o f hydrogen phtha la te , the ro ta to ry  powers were v e ry  low  
and became zero fo r  ^4 3 $ S . Both the hydrogen phthalate and the 
ca rb in o l were too sp a ring ly  soluble in  ethanol, benzene and carbon 
d isu lph ide  to  a llo w  o f fu rth e r p o la rim e trlc  de te rm ina tions*
I -1»(2*M ethoxy~ l-N aphthyl) E thanol was obtained fro m  ■
1 -acetyl~2~m ethoxy-naphthalene. The l~acetyl-2*m ethoxy«* 
naphthalene was prepared  by the action  o f ace tic  anhydride on 2 - 
m ethoxy-naphthalene in  carbon d isu lph ide in  the presence o f 
anhydrous a lum in ium  c h lo rid e . The y ie ld  o f the pure re c ry s ta llis e d  
p roduct was 50%. D uring  a ce ty la tio n , a fa ir  am ount o f the reac tion  
m ix tu re  was converted in to  1 - a c e ty l- h y d r  oxy-naphthalene 
presum ably by the action  o f the h yd ro ch lo ric  a c id  produced. T h is  
a ce ty l naphthol was rem ethyla ted  w ith  d im ethylsu lphate to  g ive the 
re q u ire d  l-a ce ty l-2 -m e th o xy-n a p h th a le n e . When the experim ent was 
repeated keeping the tem pera tu re  o f the re ac tio n  m ix tu re  a t about
19
4  C i the y i e l d  o f even the crude product fe lt  to  45%. A ga in  
when the experim ent was repeated w ith  the ace tic  anhydride ' ■' 
rep laced  .fey a ce ty l ch lo rid e  the y ie ld  o f the ketone fe ll to  20%. 
F u rth e rm o re  attempts- to  produce th is  ketone by means o f 
tita n iu m  ch lo rid e  a t  ca ta lys t using a ce ty l ch lo rid e  o r ace tic  
anhydride in  benseaae as w e ll as In  carbon d i sulphide preyed 
unsuccessfu l and no keton#-could be Iso la ted* - -.Another a tte m p t 
; w ith  s ine ch lo rid e  as ca ta lys t using a ce tic  anhydride a lso  proved 
fru itle s s .;
The I*li*(2 # m e th o xy*l*n a p h tliy i}e th a n o l was prepared  
fro m  th is  ketone w ith  a lum in ium  is a *propoxlde. The reduction  o f 
1-a c e ty l*2♦hydroxy .naphthalene' was a lso attempted, w ith  the 
a lum in ium  j^so-propoxide, bu t i t  did. not take place to  any use fu l 
exten t. ;■
• The hydrogen phthalate fro m  the ca rb ln o l was obtained
in  80% y ie ld  w ith  p y rid in e  in  the usual m a im e r. T h is  a c id  e s te r 
d id  not fo rm  a s a lt w ith  c inchonid ine even 'a llow ing i t  to  stand fo r  a 
num ber o f w eeks. H ow ever, ' w ith  b ru c in e , the hydrogen phthalate 
gave the tw o d ia s te re o iso m e ric  sa lts  in  qu ite  d is tin c t c ry s ta llin e ; •• 
fo rm s . The le s s  so lub le  b ruc ine  s a lt fo rm ed  so q u ick ly  th a t a la rg e
volum e o f the so lvent had to  be used to  prevent the separation o f 
the s a lt before its  fo rm a tio n  was com ple te . R e c ry s ta llis a tio n  was 
c a rrie d  out fro m  acetone u n til both the sa lts  w ere obtained in  a 
pur© co n d itio n .
The le ss  soluble b rucine  s a lt o f the a c id  e s te r o f m .p .1 7 3  
was decomposed in  the usual way w ith  d ilu te  h yd ro ch lo ric  a c id  to  
get the  a c tive  hydrogen phthalate* The lib e ra te d  hydrogen 
phthalate d id  hot s o lid ify . I t  was extracted  w ith  e ther and the 
d rie d  e therea l so lu tion  was so lid ifle d .u n d e r vacuum  when (+ )- 
hydrogen phthalate was obtained as a co lo u rle ss  shin ing am orphous 
s o lid . I t  is  too soluble in  a ll so lvents to  a llo w  o f re c ry  s ta llisa tlo m . 
In  lik e  m anner the m ore  soluble b ruc ine  s a lt o f
o
m .p . 131-132 gave the ( - ) -hydrogen ph tha la te •
Both the (+ )- and (-J-hydrogea phthalates a re  v e ry  
unstab le . T h is  is  evident fro m  the fa c t th a t when any o f the a c tive  
hydrogen phthalate was lib e ra te d  fro m  its  b ruc ine  s a lt, extracted  
w ith  e the r and the so lu tions set aside fo r  c rys ta llisa tio n #  i t  soon 
decomposed to  g ive ph tha lic  a c id .
T h is  chem ica l in s ta b ility  o f the (+ )- and (-) -a c id  e s te r
Is  in  m arked co n tra s t w ith  the chem ica l s ta b ility  o f the 
corresponding ( i) -a c id  e s te r.
A t f ir s t  s igh t th is  re s u lt is  m ost unexpected and 
s u rp ris in g  * its  explanation is  p robab ly due to  p h ys ica l, as 
opposed to  chem ica l causes. The (l)-com pound  is  m uch less 
so lub le  and re a d ily  obtained in  a c ry s ta llin e  * and th e re fo re  
p u rifie d  •  co n d itio n . The o p tic a lly  active  compounds a re  fa r  
m ore so lub le  and I t  has not proved possib le  to  c ry s ta llis e  » and 
so p u rify  -  them . The re su ltin g  gums appear to  be hygroscopic 
and th is  p ro p e rty  together w ith  th e ir  inhe ren t chem ica l re a c tiv ity  
su ffices to  b rin g  about th e ir  decom position w ith  the *  in it ia lly  
s low  -  separa tion  o f ph tha lic  a c id .
When the ac id  e s te r lib e ra te d  fro m  its  b ruc ine  s a lt was 
d isso lved  in  d ilu te  sodium  carbonate to  conve rt i t  in to  sodium  sa lt 
fro m  w hich i t  m igh t be regenerated as a so lid  a fte r decom position 
w ith  d ilu te  h yd ro ch lo ric  a c id , i t  soon tu rned  m ilk y . T h is  change 
o f the hydrogen phthalate showed its  tendency tow ards a lky l-oxygen  
fis s io n  w hich w ill be discussed in  the la te r  section .
When equal am ounts o f the (+ )- and (-)-h yd ro g e n
phthalates were d isso lved  in  d ry  acetone and m ixed , they had
Td3 *0 .0 , and on a llow ing  the so lu tion  to  evaporate, the residue 
— 0
a lso  contained ph tha lic  ac id  w hich showed th a t the (*)-byd rogen
phthalate fro m  Its  o p tic a l antipodes had not been fo rm ed to  any
notable extent i . e . ,  the (*)-a a d (-)-fo rm s  had a lre ad y decomposed.
The a lm o st equal ro ta tio n  o f the (-t)-and(-)-hyd rogen
phtha la te , \ j * \  *3 7 .3 °(in  d ry  acetone) & nd[? il -3 & .5 °{in  d ry  acetone) 
0
re sp e c tive ly , m ay h e  considered as an in d ica tio n  o f th e ir  o p tica l 
p u rity .
The o p tic a lly  active  (-)-a ic o h o l was obtained fro m  the 
(-)-h yd ro g e a  phthalate by h yd ro lys ing  the latter w ith  Z M o ls . o f 
sodium  hydroxide in  ethanol (97%). The {+ )-hydrogen phthalate 
on h yd ro lys ing  w ith  Z  M o ls* ©f potassium  hydroxide  in  9&% ethanol 
gave the (t)-a lc o h o l. In  th is  case when the re ac tio n  m ix tu re  was 
heated on the steam  hath fo r  a few  m inu tes, a bu lky  p re c ip ita te  o f 
. potassium  hydrogen phthalate appeared, w h ich  d isso lved  o n  d ilu tin g  
w ith  w a te r• F u rth e r d ilu tio n  ©f the re ac tio n  m ix tu re  w ith  w a te r, 
.however,, separated the a lco h o l as a th ic k  paste* Both o p tic a lly  
a c tive  fo rm s  o f the a lcoho l a re  too soluble, in  a ll so lvents to  a llo w
of their crystallisation.
The two a lcoho ls have a lm ost equal ro ta tio n s ,
dry acetone) a n d H  ^*11 •§0(ia dry acetone).
The sp e c ific  ro ta to ry  pow ers ©I the a lcoho l and its  
hydrogen phthalate la .d iffe re n t solvents a re  recorded fo r  lig h t ' 
o f va rio us  w avelenghts. There  a re  w ide va ria tio n s  o f ro ta to ry  
powers In  d iffe re n t solvents v iz . ,  acetone, p y rid in e , c h lo ro fo rm , 
carbon d i su lph ide, ethanol and benzene. In  the case o f the 
hydrogen' ph tha la te , the h ighest ro ta tio n s  w ere obtained in  carbon 
d lsu lph ide so lu tio n  w ith  a change o f sign o f ro ta tions in  p y rid in e  
the ro ta tio n  was low est and even ze ro  fo r  ^  43S$, In  the case o f. 
the  a lcoho l the h ighest ro ta tio n s  were obtained la  benzene so lu tion  
w h ils t In  ch lo ro fo rm  and carbon dlsulpMd® the ro ta tio n s  w ere zero  
fo r  a ll wavelengths*
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C hapter H I
D iscussion o i th®  p repa ra tion  and re so lu tio n  o f an a lcoho l
conta in ing the D lpheayly l groups
- /  .....
■ 1 * 1 «(4*m etkoxy *4*d iphenylyl)e than© l was ©Maimed
/
fro m  4~aceiyl~4*m ethoxy d iphenyl, the  la tte r  being obtained 
fro m  J>* me thoxy* d ipheny l. The j»~methoxy* diphenyl was p re fa re d  
fro m  co m m e rc ia l j3*hydr©xy d iphenyl by m e ih y la iia g  I t  w ith  
d im  eihy Isulphate in  tbe usua l m a im er. The jg*s»othoaey d iphenyl
y
then y ie lded  4 -acety l~4  * m ethoxy d iphenyl w ith  ace tic  anhydride In  
carbon d i sulphide in  the presence o f anhydrous a lum in ium  c h lo rid e . 
The y ie ld  o f the pure re c ry s ta llis e d  p roduct was $0f&. A long w ith  
i t  the Iso m e ric  ketone* 3 -ace to *4 -m e ik0xy diphenyl* was a lso 
obta ined, m .p .§ 3 ° , y ie ld  S.Sg.
When the experim ent was repeated w ith  a ce ty l ch lo rid e  
In  carbon d isu lph ide and a lso  In  n itrobenzene, the  y ie ld  fe ll to  %%% 
and Zk%  respective ly .- F le s e r U  B radsher tJ .A .C .$ .,l$ 3 4 ,§ S , 1738) 
obtained th is  ketone along w ith  its  is o m e r, 3*aeet© *4*m eihoxy di<*
■' phenyls by condensing f^m e fh a xy  d iphenyl w ith  a ce ty l ch lo rid e  in  
b o ilin g  carbon d i su lph ide, la  te tra c h lo rid e  a t .O*20°and in
nitrobenzene a t 0 -2 0 °.
The e& rb ino l was prepared by the reduction of this 
ketone with aluminium isopropoxide in the usual way# The y ie ld  ' 
of the pure recrystallised product was 12%..
The hydrogen phthalate from ike carMnol was prepared 
in 94% yield by Ike use of pyridine in tbs usual way* -
The acid ester did mot give a crystalline Skit with 
cimchomldime or brucine in acetone. However* with quin id lne the 
acid ester gave the two diastereoisomerldes in q u its  distinct 
crystalline form s. The le ss  soluble quinidine salt formed so 
Iflickly that a large volume of the so lvent had to be used to  prevent 
the separation, of the salt during Its formation. Both the salts 
were obtained in the optically pure condition by rs c ry s ia U is a iio n  
with acetone. -
* The le t s  soluble quimldlme salt of the hydrogen phthalate 
decomposed with dilute hydrochloric acid, and the liberated active 
(+)-.feydroge» phthalate recrystallised from aceton e.,
% exactly the same manner the more soluble qn in id ine  
salt gave the optically pure (-)-hydrogen phthalate.
2f ile  hydrogen phthalate ©I th is  alcohol, did mol show 
the tendency tow ard# slkyl*oacyge& fission which is  discussed  
In the later section*
The optically active alcohol was obtained from the 
hydrogen phthalic ester with potassium  hydroxide in ethanol. 
When the reaction mixture, was heated on the steam hath for about 
five minutes, a bulky precipitate of potassium hydrogen phthalate
;f - '
separated,,; which dissolved on diluting the reaction mixture with 
water* /Further dilution with water separated the s o lid  carfeinol, 
which on r©crystallisation with bensene gave the optically pure 
ca rb ta o i‘ Tbe ( '> *carbino1 Dia  d ry  acetonH  was obtained fro m  
|+ )*liyd rogen  pM halate (& 3 d  la  d ry  acetone) and (-)-feydrogen 
phthalate G „  In dry acetone) yielded the (+)~carMnol in dry 
acetone.)
%fh&n equal amounts of (+)* and (*)-hydrogen phthalate 
were dissolved in dry acetone and mixed, they had the[ff j^SO.O, 
and the resulting solution on evaporation to dryness gave the {$)» 
hydrogen pbtbalate, ra.p. 156°, equal to that of tb« original racemlc 
acid ester.
S im ila r ly , when the (+ )- and (« l»carb ino la  were ■ 
d isso lved  la. d ry  acetone in  equal am ounts and m ixed , they had 
theH  Dt0 .0 .  On a llow ing  fe *  so lu tion  to  evaporate to  d ryness, 
the ( i) -a le o lw l gave fee ra .p . 118*119°, fee same as fe a t o f fee
original r&cemie carMnol.
The almost equal rotations of the and (*)*hydrogea 
phthalate, [H  p+29#8®(i» dry acetone) and H  x>«28'04°(ia dry 
acetone) respectively and of the (4)~ and (-)« a l c o h o l s , ^+41.0  
a a d H  d -4 0 .1 °  m ay be taken as an in d ica tio n  o f their o p tic a l p a rity  
The optically active forms of the'hydrogen phthalate have the 
melting .point lower than that of the racemie compound hut those of 
the optically active alcohol have the melting point higher than that 
of the {$}~&leohQi as is  shown below;
Compound <+) (*) Ci)
*
Hydrogen Phthalate , 147 147° , 154°
Alcohol 131° 131° . I I #
' The mixed melting point of the. ($)-hydrogen phthalate 
with {£)-hydrogen phthalate obtained from its'Optical antipodes 
indicated its structural ‘ identity.
Similarly, the missed m e ltin g  point of the (£}~carbiaol 
with the (^ ca rb in e! obtained from lie. optical antipodes provides 
• evidence for t o  ttroctmral Identity*
The specific rotatory powers of the alcohol and its 
hydrogen phthalate in different solvents for Vartans wavelengths 
have been recorded. These show wide variations of rotatory 
.powers In different solvents via*;, acetone,- pyridine, ethanol, 
chloroform and feea&eae. The rotations of the hydrogen phthalate 
or the alcohol In carbon disnlphide, being too sparingly soluble - 
In It, could not be determined*.v The alcohol was too sparingly 
soluble even la  benzene. In the case of the hydrogen phthalate 
the highest, rotations were obtained in ethanol solution with the same 
sign of rotation and were low in pyridine solution* These were • 
zero In chloroform in all the wavelengths. In the case of the 
alcohol the highest rotations were obtained in pyridine solution with 
a change of sign of rotation.'
Chapter IV
D iscussion  o f the A lkyl-O arygen fis s io n  reactions o f the a lcbhols 
conta in ing the M ethoxy-Naphtfayl ra d ica l;
The hydrogen phthalates o f l- l- (6 -m e th o x y -2 -  
naphthyl) ethanol and 1 -1 -  (2 *m ethoxy» 1 -naphthyl) ethanol re a d ily  
y ie ld  sulphones and n e u tra l ph tha lic  es te rs  by the usual reactions as 
a lready m entioned in  the in trod u c tio n * These reactions a re  shown 
below: -
< ^ > C O .O .R
CyH^CXjNa
r^ N C O
O
t.
-S
I'
o
sulphone
fi^N C O .O .R
(+)
W c o ,
+ R
1 <+> +
^ J c o .
R
r^ S C O .O .R  
(+)
Li \ / JCC .O •
N e u tra l P h th a lic  R a te r
I t  is  thus evident th a t the substitu ted  naphthyl 
ra d ic a l con fe rs e le c tro n *re le a s in g  p ro p e rtie s  on these compounds* 
The o p tic a lly  ac tive  1-1 -  (6 -me&hoxy- 2 -naphthyl) e th y l hydrogen 
phthalate and the hydrogen ph tha lic  e s te r o f t- l- (2 * m e th o x y - i-  
maphthyl) ethanol each fo rm ed  a sulphone in  d ilu te  a lka lin e  so lu tion  
a t room  te m p e ra tu re , the la tte r  2-m ethoxy d e riva tiv e  fo rm in g  i t  
the m ore  re a d ily .
The (+) * I  * I  -{2 -m e ttio xy -1 -naphthyl) e th y l hydrogen 
phthalate d isso lved  re a d ily  in  d ilu te  caustic  soda and the re su ltin g  
c le a r so lu tion  tu rned  m ilk y  w ith in  a few  m inutes and deposited the 
s e m i-s o lid  n e u tra l e s te r* T h is  compound was too so lub le  in  a ll 
com m on o rgan ic solvents and so cou ld  not he re c ry s ta llis e d *  The 
o p tic a lly  ac tive  a c id  e s te r o f 1 - 1 -  (2 -m e thoxy -1 -naphthyl) ethanol a lso  
gavs « c le a r so lu tio n  la  d ilu te  sodium  hydrox ide : th is  tu rned  m ilk y  
in  a few  m inutes and soon deposited a s e m i*s o lid  substance* T h is  
when extracted  w ith  e th e r, d rie d  and a llow ed to  stand fo r  
c ry s ta llis a tio n  o f the expected n e u tra l e s te r y ie ld e d  ph tha lic  ac id *
I t  is  thus evident th a t the n e u tra l ph tha lic  e s te r o f l- l- (2 -m e th o x y -  
1-naphthyl) ethanol lik e  the corresponding o p tic a lly  a c tive  hydrogen
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ph tha lic  e s te r a re  a ll e x tre m e ly  re a c tive  com pounds.
T h is  behaviour m ust he a scribed  to  the pow erfu l
a c tiva tin g  in fluence o f the m ethoxy 1 group situated* in  the ad jo in ing
1-p o s itio n  o f the naphthyl ra d ic a l.
The o p tic a lly  ac tive  ( * ) -hydrogen ph tha lic  e s te r o f
1 -1 -(6 -m e thoxy-2-naphthyl) ethanol gave the c ry s ta llin e  n e u tra l
e s te r w h ich  had0  413• I 6 (in  d ry  acetone)* T h is  on h yd ro lys is
X) ,
w ith  concentrated a lk a li gave the (-)-c a rb in o l w h ich  had
-2 1 .9 °  (in  d ry  acetone), a va lue n e a rly  h a lf o f th a t o f the
D
a c tiv e  ca rb in o l obtained by the h yd ro lys is  o f the o rig in a l hydrogen 
phthalate w ith  concentrated a lk a li. T h is  means th a t one o f the 
a lco h o lic  ra d ica ls  p resen t In  the n e u tra l e s te r m ust have been 
racem ic.
The sum m ary o f the a lky l-o xyg ea  fis s io n  reactions 
o f the hydrogen phthalates o f the ca rb in o ls  conta in ing the unsub­
s titu te d  naphthyl ra d ic a l w hich have a lready been studied by p revious 
w o rke rs , toge ther w ith  the reactions o f the hydrogen ph tha lic  
es te rs  o f the two a d d itio n a l a lcoho ls conta in ing the naphthyl group 
w ith  m ethoxy substituents and a re  described in  the expe rim en ta l
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section  o f th is  thes is  is  g iven in  the attached tab le  lo t  a com parative 
study o f th e ir  tendency tow arda a lkyl^oxygen fis s io n *
The a lcoho ls g iven fo r  com parison a re  as fo llow s:
, ,C H 0 H C ir
I*M e th y l 1-N aphthyl M ethanol: I I • M e th y l-2-N aphthyl M ethanol:
■ C H O B.C K* .............
0C H ,
CH .HO H03
III*  U  I* (2 *M e th o x y -l*  
Naphthyl) E thanol:
IV . I -  l«(&-M ethoxy-*2~Naphthyl)S thanol:
The com parison is  g iven  below:
No: o f the  H acem isation
a lcohol. in
d ilu te  a lk a li. 
50%
N e u tra l 
' E s te r*
Sulphon®.
N ot fo rm ed* C ry s ta llin e
sulphone fro m  
H .P . in  fo rm ic  
a c id  w ith  Shrs*
• hea ting*
I I . 50% tt Sulphone in  
fo rm ic  ac id  
a t 9Q°C.
Reference.
J .C .S . ,
1931.331.
J .C .S .,
1951,331.
3 3
I I I .  100% ' E ead ily  fo rm ed (£)sulph0ae T h is
tm d ilu te  a lk a li v e ry  re a d ily  th e s is .-
a t room  te m p . fro m  ( - ) -
(but unstab le ). H .F . in d il .
a lk a li a t 
room  tem p.
IV * $0% C ry s ta llin e  (+)sulplione T h is
n e u tra l e s te r fro m  ( - ) -  th e s is*
fro m  (+ )-H .P . H .F . in d il .
in d ll.  alkali a t a lk a li a t
room  te m p . room  tem p.
T h is  com parison shows tha t the  in tro d u c tio n ^  the 
m ethoxy group in to  the n a p h th y lra d ic a l prom otes a lky l-oxygen  
fis s io n  as Is  evident hy the fo rm a tio n  o f the sulphones and the  n e u tra l 
•■-esters fro m  the hydrogen phthalate* o f the la s t two a lcohols fa r  m ore  
re a d ily  than the fo rm e r ones. A ga in  conside ring  the la s t two a lcoho ls 
we fin d  th a t the presence o f the -OM e group in  the O pposition  has
:
enhanced the a lky l-o xyg en  fis s io n  to  a fa r  g re a te r extent than when i t  
la -substitu ted  in  the  6 th -p o s itio n  In  the naphthyl ra d ic a l, since the 
fo rm a tio n  o f the  sulphone as w e ll as o f the n e u tra l e s te r is  fa r  m ore 
ra p id  in  the fo rm e r case.
F ro m  the. above data, i t  can be concluded th a t the
in tro d u c tio n  o f the -O M e group in  the naphthyl ra d ic a l re -in fo rc e s  the
” ' c . „ _
a lky l-o xyg en  fis s io n , e sp e c ia lly  when I t  is  substitu ted  in  the p -p o s itio n .
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Discussion of Inability o f j*I»(4*Methoagy«>4*Dip1ienyIyl) Ethanol to
s h o t A lky l-O xygen  fis s io n  reactions};
 .
I* l* (4 -m e ih o x y -4 -d ip h e n y ly l) ethanol d id  not show any
tendency tow ards a lky l-o xyg en  fis s io n , since n e ith e r the' n e u tra l
e s te r no? the sulphone w ere fo rm e d  fro m  the hydrogen phthalate o f
th is  a lcoho l on keeping the respective  so lu tions a t room  tem pera tu re
fo r  one m onth o r  even a fte r w arm ing them  on the steam  hath fo r  about
an hour* A ga in  an a ttem pt to  p repare  the sulphone fro m  (+)-hydrogen
ph tha lic  e s te r la  fo rm ic  a c id  proved fru itle s s *
I t  Is  thus evident th a t the e le c tro n -re le a s in g  in fluence 
/
o f the m ethoxyl group in  the  4 -p o s itio n  o f the d iphenyly l carhinol is  < 
not re layed  to  the 1-p o s itio n , s ince th is  c a rh ia o l, as m entioaed 
above, d id  not e x h ib it any tendency tow ards a lky l-o xyg en  fis s io n * •
E X P E R IM E N T A L
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Chapter V  
SUMMARY.
P re p a ra tio n  and Resolution ol l-l-(6-Methoxy-2-Naphthyl} Ethanol;
/V 'N Q M e
m .p . n
CH COCI + A1 c i 3
/V N S M e
M e O O v 'U
m .p . 107
A l(O C 3H7)3
Ivf 0
m .pMeHOH
N a O H 'll
y *)*H .P . m .p * 135°
I -------- :—
v Cinchonidine Sait 
m .p . 159*16$°
■ J,
{+)*Sulph0ne-4*#}~H.P. 
m lp . M l - l ' : ^  m  p . 149-150 
, (oO -3 0 .3 °
3)
>
 (+)hCarbin©l
m .p . 113* i  14°
M + 4 7 .9 0
D
I
F iltra te
(+>~H.P. — *  N e u tra l E s te r 
m .p . 149-150° m .p . 136*137 
[o il +30 .4° [o f ]+13.1°
(+ )-H .P .q 11 I 2 I
m .p . 135 4 4-
i*)*C a rfe in o l C a rh in o l
m .p . 113-114° m .p . 113°
f b g - 2» .9 ° .
p
[cxl *4 6 .2 ° 
(+)* C a rh in o l & 
m .p . 113°
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P re p a ra tio n  o f 2*A cetyl-6 -M <
A  so lu tion  o f a lum in ium  ch lo rid e  (100g.) In  d ry  
nitrobenzene <600 c .c . )  was m echan ica lly  s t ir re d  and cooled in  
ice ; to  I t  was added 2-m  ethoxy naphthalene (9 % *) and then 
s lo w ly  du ring  b a ll an hour a ce ty l ch lo rid e  (& 0g .). The s tir r in g  
and cooling w ere continued fo r  th ree  hours* A fte r  tw o days the 
re ac tio n  m ix tu re  was poured w ith  thorough s tir r in g  on to  crushed 
ice  and the whole s lo w ly  m ixed w ith  h yd ro ch lo ric  a c id  (400 c .c .  1:1). 
The aqueous la y e r was separated and the lo w e r la y e r, a lte r  being 
washed tw ice  w ith  w a te r, heated in  a c u rre n t o f steam  to  rem ove 
the n itrobenzene. Tow ards the end o f the steam  d is tilla tio n  a 
c ry s ta llin e  s o lid  ( l.5 g . )  co lle c te d  in  the condenser; i t  separated 
fro m  ethanol In  co lo u rless  sh in ing p la te s , ra .p .7 2 °C  and was thus 
unreacted 2-m ethoxy naphthalene.
The n o n -vo la tile  m a te ria l, w h ich ove rn ig h t had 
s o lid ifie d , was c ry s ta llis e d  fro m  e the r and subsequently fro m  
m ethanol (ch a rco a l). The 2 -ace ty l*6 *m e thoxy naphthalene separated 
in  g lis te n in g  p la te s , m .p . 107*108° *  y ie ld  32g: 25.$% •
Robinson and Rydon (J .C .S ., 1939* 1399)* who describe
th is  p rocedure , g ive m .p . 106° *
A tte m p t to  p repare  th is  acetone w ith  ace tic  anhydride 
using z inc ch lo rid e  in  place o f a lum in ium  ch lo rid e  proved 
unsuccessfu l.
1- |«46*Metho:icy*2»Naphthyl) E thanol:
2-acetyl*6-m etho5cy naphthalene (44g.)  was added to
iso *p ropano l (270 c .c . )  in  w hich a lu m in iu m ,,fo il ( I3 .5 g .)  had been, ■
d isso lved  w ith  the a id  o f a tra ce  o f m e rc u ric  c h lo rid e . The
re su ltin g  so lu tion  was s low ly  d is tille d  th rough a sh o rt colum n
u n til acetone cou ld  no longer be detected in  the d is tilla te . The
co d e d  concentrated so lu tion  was decomposed w ith  Ice and d ilu te
su lp h u ric  a c id  and the p re c ip ita te d  so lid  d rie d  and c ry s ta llis e d  fro m
re c tifie d  s p ir it .  l* l*(6 *m e th o xy *2 -n a p h th y l) ethanol fo rm s  s m a ll
0
le a fle ts , m .p . 115 unchanged by fu rth e r re c ry s ta llis a tio n , y ie ld  
4 0 g .9 lfo .
A ttem pts to  reduce the o rig in a l ketone w ith  ( i)  
m agnesium  and d ry  m ethanol o r (11) z inc dust and aqueous a lco h o lic  
sodium  hydroxide  were unsuccessfu l.
(£) -1 -1 - (S-M  ethoxy-  2 - N aphthyl) E th y l Hydrogen Phthalate;
P h tha lic  anhydride (1 4 .8 g .) was d isso lved in  hot d ry  
p y rid in e  (25 c .c . )  and the cooled suspension m ixed w ith  the ethanol 
(20g.)« The m ix tu re  was m ainta ined a t 60-70° lo r  some s ix  hours 
w ith  occasiona l shaking u n til i t  became homogeneous • The 
re s u ltin g  cooled viscous p roduct was d isso lved  in  acetone (50 c .c . )  
and decomposed w ith  ice  and h yd ro ch lo ric  a c id  (30 c .c .) :  the
p re c ip ita te d  past© was tr itu ra te d  w ith  co ld  v e ry  d ilu te  a c id  when i t  
ra p id ly  se t to  a sandy pow der. A fte r  d ry in g , i t  weighed 3 l.6 g . and 
had ra .p .l2 8 °:9 2 % . The (£)-hydrog©n phthalate separates fro m  
acetone in  le a fle ts , ra .p . 135°, unchanged fey fu rth e r re c ry s ta llis a tio n .
Found fey ra p id  titra tio n ; 0 .325g. o f the (t)-hydrogen  
‘ phthalate re q u ire d  7 .9  c .c .  o f O .lH -so d iu m  hydroxide  (0 .03?3g*), 
whence M , 349; CgjHupg re q u ire s  M , 350.
R eso lu tion  o f (4f -1 11(5 -  M ethoxy -  2 -  N aphthyl) E th y l Igydrogen I-M halate;
I-(6-Metho3ey-2-Naphthyl) E th y l H ydrogen P hthalate;
The (+)-hydrogen phthalate (37g.) and cinchonid ine (31g .) 
w ere d isso lved  in  w arm  acetone (40 c .c . ) ;  a fte r coo ling and standing 
over n ig h t a crop A of the c inchonid ine sa lt.had  separated. T h is
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was rem oved by f ilt ra tio n  and washed w ith  co ld  acetone: the
f ilt ra te  and w ashings, a fte r some evaporation had o ccu rre d ,
/*
" deposited a second crop  A  o f the cinchonid ine s a lt.
The c rop  A  was fu rth e r d isso lved  in  w arm  acetone 
{1500 c .c . ) ,  when a fte r coneentra ting and cooling a t rop  B  
separated*
In  lih e  m anner crop® B (I9g*)»  B (4 .4 3 g .) and E (1 .3 4 g .) 
w ere obta ined. A l l  had m . f . 159*1&0° and were obtained as 
rosette® o f c ry s ta ls *
The course o f the fra c tio n a l c ry s ta llis a tio n  Is  m ost 
c le a r ly  shown by means o f C ha rt I  (page 40)..
Crop® 3D,E , and E w ere  then m ixed , covered w ith  
acetone and decomposed w ith  d ilu te  h yd ro ch lo ric  a c id . The 
lib e ra te d  hydrogen ph tha lic  e s te r (1 2 .5 g .) had m .p * 145-146°C . T h is  
a fte r c ry s ta llis a tio n  fro m  c h lo ro fo rm  and b e n ze n e  fo rm ed  le a fle ts , 
m .p . 149*1S0°C and [p i *3 0 .3 ° ( l ,  l ie , 3.201 in  d ry  acetone). I t-JSJ mm- mm ■ .
separated fro m  the p a rtia lly  evaporated.- acetone in  needles, 
i» .p . l4 M 5 0 ° C .
Found by ra p id  titra tio n s  § .3 l5 4 g . o f { 4 ' r equi r ed
1 \  : «*•* *
8. 9 c .c .  o f O .IH *so d iu m  hydroxide (0 .O 3 5 fg .), whence M ,353 ; 
re ^ u*re ® M ,3 § 0 .
CHART I
Fractional crystallisation of the cinchonidine salt 
of l-l-(6-Methoxy-2-Naphthyl) Ethyl Hydrogen Phthalate•
(+)~H.P. « 37g. )
) in acetone (400 c .c .)  
Cinchonidine * 31g.)
B(25g.) { 
m .p . 159
F ilt.
(400 c .c .)
F ilt.
(1500 c .c .) ,m .p. not clear.
r
Filt* B
mp!59- l 60 (600cc) m .p . not clear.
u  -
E (4.43g.) 
m .p . 159-160*
D(19g.) F ilt. C
m pl59-l60° (200cc) m .p . 156
U ------------------------------------------- —
D
m .p . not clear.
F ilt.
(50cc)
F ilt.
(75cc)
F ilt.
(150 c .c . )
| - _  -  
C
m .p . not clear.
m .p.not clear.
F ilt.
(50cc)
F ilt.
(100 c .c . )
B
m .p . not clear.
F ilt.
(60 c .c .)
B
m.p.not clear.
Y&T
B
m .p
f? :
E(1. 34g.) 
m .p . 159-160*
F ilt. D Filt.
(20 c .c . )  m .p .not clear. (25 c .c . )
(+ )« i« l» (6 *M e th o ^« 2 -N a p h th y l) E th y l Hydrogen Phthalate?
✓
A fte r  rem ova l o f c ro p  A  o f the cinchonidine s a lt, 
the f ilt ra te  and washings w ere concentrated and decomposed fey 
d ilu te  h yd ro ch lo ric  acid* The lib e ra te d  o p tic a lly  im pure  hydrogen
o
ph tha lic  e s te r ( lS g .) had m .p .13?  • Th is* a fte r c ry s ta llis a tio n
fro m  ch lo ro fo rm  and feenrene gave the o p tic a lly  pure hydrogen
phtha la te , le a fle ts , m .p . 149-15QC ' andE*3 * 3 0 .4 ° ( i, I;c, 2.500 to
D ~  ~
d ry  acetone)*
N on -fo rm ation  o f B rucine  Salt:
(Hh)-hydr©gen ph tha lic  e s te r (® .35g.) an&ferucine (® .4g .) 
w ere d isso lved  in  acetone (2 c u e .); the c ry s ta llin e  brucine  s a lt d id  
not separate out even a fte r a num ber ©f weeks and the use o f 
d iffe re n t so lven ts.
(f^ l^ l^ lS -M e th o K y -Z -M a p h th y l) E th y l Hydrogen Phthalate fro m  its  
o p tica l antipodes;
I — Ml - . .  ........................ ..
O p tic a lly  pure (+) and ( - ) - l - l  - (6-m e thoxy-2-naphthy 1)
e th y l hydrogen phthalate (O.TSg. o f each: m .p . 149-150 ) were
d isso lved  in  d ry  acetone. On a llow ing the so lvent to  evaporate
(+)-hydrogen phthalate* m .p . 135°C* [f<[) 10 .0 (1 * l;e * 3 .0  in  d ry  
* • f> ~
acetone) was obta ined.
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S pecific  R ota to ry Pow ers o f,,{~ )~ l*l*{8 -M ethoxy»2-H aph tli.y l) E th y l. 
Hydrogen Phthalate in  va rious solvents; '
so lvent c 1 oe . . ac. cC [cx[ [p c ]. jpc)
5893 $461 4358-..5893 5461 4353
Acetone 2.203 1 -0 .6 #  -0 .8 #  -0 .9 3 °  -3 0 .3 °  -3 ? .6 °  -4 2 .1 °
P y rid in e  3.012 1 +0.86 +1.28 +0.84 +28.5 +42.4 +27.8
C h lo ro fo rm  1.126 I  0 .07 0.05 -  6 .7  4 .4
‘ I t  is  too sp a ring ly  soluble in  ethanol, benzene and
carbon d isu lph ide to  a llo w  o f fu rthe r- de te rm ina tion •
M - U U  (6«Methoxy* 2-Naphthyl) Ethanol:
The C* )~hydrogen phtha lic e s te r (2g .) was covered w ith
ethanol, sodium  hydroxide (0 .6 g . in  4 c.C * o f w ate r) added to  i t  and
the whole heated on the.steam  bath fo r  about 45 m inu tes. The cooled
so lu tio n  a fte r s lig h tly  d ilu tin g  w ith  water# qu ick ly  deposited the
c ry s ta llin e  c a rb in o l. I t  separated fro m  aqueous m ethanol as
O '
Colourless glistening plate®, m .p . 113* 114 , unchanged by further
c ry s ta llis a tio n : i t  had|fc| 447 .9 °(t«  l;c»2 .63S  in  d ry  acetone),
B ■ ■ ~  ~  ■
Found: 0 ,  77.4; H ,6 .87; C H O require® 0 ,77 .22;
13 14 2
H ,6 .93% .
( - )* I * 1- (6 -Methoxy«2 ^ Naphthyl) Ethanol:
The (•)-c a rb in o l was obtained fro m  the (+)-hydrogen 
ph tha lic  e s te r by the same procedure# m .p# U S * 114° and had
0 3 -4 6 *2 % ,ls e , 2*233 in  d ry  acetone).
(+ ) - !*  l~ (6 -M ethoxy-2 -N aph thy l) E thanol fro m  its  o p tica l antipodes;
O p tica lly  pure (+)» and (-)  -1 -1  -  (6-m ethoxy *2 -naphthy 1) 
ethanol (D .lg . of each: m .p . 113*114°) on d isso lv ing  in  d ry  acetone 
and a llow ing  the so lvent to evaporate-yie lded (+)«1 -1 -(6 -m e th o xy-2 - 
naphthyl) ethanol. m .p .l l3 ° £ t ] i0 .0 .( l , l ; c ,2 .0  la dry acetone). 
Specific Rotatory Pow ers of { + ) - ! - i»(4-Metho%y*2«>Haphthyl) E thanol 
in  va rious so lven ts.
solvent , c 1 *  *  L<*1 - 1*1 1*1
5893 5461 4358 5893 5461 4358
Acetone 2.633 I  +1.26° +1 .42° +2 .68° *4 7 .9 °  + 5 3 .^  +101°
P y rid in e  3.432 1 f a t a )  3 .38 5 . 8 80.7 98.4 168.9
C h lo ro fo rm  1.512 1 0 .76  0 .88 1.43 50.2 53.2 97.8
■ I t  Is  too spa ring ly  soluble in  ethanol, benzene and 
carbon d isu lph ide  to  a llo w  o f fu rth e r de te rm ina tions.
C h a ra c te ris tic ram
(+)«l»l-(6-M ettiQ 3gy-2
1 6 0
140
m
no
too
9 o
60
,v
So
40
30
SO
(6*Methoxy-2»Naphfhyl) Ethanol fro m  (+^H ydrogen: -
P h tha lic  E s te r:
The (+)4iydroge&  ph tha lie  es te r («7g«) was covered 
w ith  ethanol sodium  hydroxide {«1% . d isso lved in  a le w
drops o l w ater and 76% ethanol^ added to  i t  and the whole heated 
on the steam  hath fo r  about h a lf an h o u r. The cooled so lu tion
a fte r d ilu tin g  w ith  w a te r, q u ick ly  deposited the c ry s ta llin e  c a rb in o l.
o •I t  separated fro m  ether and lig h t p e tro l (4Q-60 1 as c lu s te rs  o f
oneedle®, m .p . 113 unchanged by fu rth e r re c ry s ta llis a tio n .
4 5
Chapter V I—■ ii ..iiifrur ii,— .u«w«unw»>
Reactions o f (+ )- o r  (-)-l» l« (6 -M e th o xy -2 -N a p h th y i) E th y l Hydrogen 
Phthalate;
\
{ i \  F o n m tio n  o f D i-I-l- i6 -M e th o 3 ^ -2 *K a p h th y l)
A  c le a r so lu tion  o f (+ )-l-l(6 -m ethe> xy-2 -naph thy l) 
e th y l hydrogen phthalate (0 *T g .) in  sodium  hydroxide (0*3N ; 7 c *c *) 
a fte r standing fo r  a few  hours began to  deposit c ry s ta ls * A fte r  
keeping fo r  a week a t room  tem pera tu re , the m ix tu re  was d ilu ted  
w ith  w a te r, the s o lid  recovered  by f iltra tio n , washed and d rie d  in  
a des icca to r* The re su ltin g  n e u tra l-e s te r ph tha lic  e s te r (0*43g*) had 
m *p* 136-13? 5 I t  separated fro m  acetone in  sm a ll le a fle ts  o f 
unchanged m e lting  po in t, 136*13? s i t  ha d lH l *T3* l f e , 0*608 in
d ry  acetone)*
Found: C,- ?6*?4* H , 6*0?: q \ re qu ire s
C , ?6.40; H,- i* 6 lf# *
( it)  F o rm a tion  o f (+ )* !*  l*(6 -M e th o xy-2 -N a p h th y l) E th y l 
p - to ly l sulphonet ■
When an aqueous so lu tion  o f sodium  toluene p-su lph inate
4 6
(Q .435g.) was m ixed  w ith  a so lu tion  © d~ I*l-(6 -m ethoxy*2-naphthyl)
e th y l hydrogen phthalate (0 *7 g » ^ ia O *3 ^ [ NaOH(&*8 c .c .)  the re su ltin g
c le a r so lu tion  ra p id ly  deposited a c ry s ta llin e  p re c ip ita te  -  which
increased In  amount during  2 days. , I t  was rem oved fey f iltra tio n  and 
©
had m .p * 110-120 C: c ry s ta llis a tio n  showed i t  to  fee a m ix tu re  o f the 
sulphone and the n e u tra l e s te r w hich was not easy to  separate in to  
its  com ponents• ,The experim ent; (i)>  described above, showed tha t 
a so lu tion  o f 1*1 * (6-m ethoxy-2 -naphthyl) e thy l hydrogen phthalate in  
0 . 3N KaOH y ie ld s  the  n e u tra l e s te r w ith  g rea t readiness:. . th is , 
p robab ly expla ins why the sulphone separates along w ith  the n e u tra l 
e s te r in th is  case*., . , .
A cco rd in g ly  the reaction  was c a rrie d  o u tin  98% fo rm ic  
ac id  so lu tion  as fo llow s;
A  so lu tion  o f the (-)-hyd rogen  ph tha lic  es te r (0 .3 5 g .) 
in  98% fo rm ic  ac id  and sodium  to luene*£*sulph iaate  (9*22g*) was 
warm ed fo r  about ten  m inutes when c ry s ta ls  began to  separate: the 
whole was poured in to  co ld  w a te r. A  c ry s ta llin e  so lid  re a d ily  
separated out which was filte re d  and d rie d * I t  was re c ry s ta llis e d  fro m  
aqueous acetone fro m  w hich i t  separated as s m a ll le a fle ts , m .p * 147°:
i t  had G*] + 0 *0  |1 , 1;£, 1* 188 in  d ry  acetone).
V "  ~
Found: Cff 4  C  t t  SO re qu ire s
/  7 20 20 2
S ,f.4 1 % .
P re p a ra tio n  o f p a rtia lly  racem ised I*I*(6 « M e th o xy *2*1 
E thanol fro m  B i*  1 * 1 *(8*M ethoxy*2*N aphthyl) E th y l P h tha lic  E s te r;
f t  The d i* l« I*(6 -m e th o xy -2 *n a p h th y l) e th y l ph tha lic 
es te r (0 .2S g*) was d isso lved in  ethanol ($6%*20 c .c * ) , potassium  
hydroxide  (0.0?g .d isso lved in  a few  drops o f ethanol, $6%) added to  
i t  and the whole heated on the steam  hath fo r  one hour* The cooled 
so lu tion  d ilu te d  w ith  w ater and the c ry s ta llin e  ca rh ln o l (O .M S g.) was 
q u ick ly  deposited. I t  separated fro m  acetone as sm a ll rose tte  
o f needles, m .p * 113% i t  had [p<] * 21.9°(1» l ; c , 1*322 in  d ry  acetone)
SUMMARY,
P re p a ra tio n  and R esolution o f l* l» (2 *M e th o x y * 1 * Naphthy 1) E thanol:
/ V N O  M e
m .p . 72
Ac^O 4 A1 C l3 in  CS2
COM® Y COM®
OH B e m e th y la iq d \/\p M e
4.--------;-----------
N / V M ethyla tion  % / \ /
m .p . S$*S6
yjl
m.p. 61*62
i
A ttem pted reduction  
(U nsuccessful)
N e u tra l E s te r <- 
m .p . 60*70°
Bess Soluble S a lt 
m .p . 173°
’m .p . 141
(+)*Sulpbone <------- (4-)*H. P . 0
°  [og +37.4
u
(+) •C a rb in o l 
0 3  4 19.70 
D
A l(0 C 3H7)3
CBOH.M e
"M e
m .p . 77°
p h th a lic  A nhydride and P y rid in e . 
( f) * H .F . m .p . 130°
B rucine  in  acetone.
M ore Soluble S a lt 
m .p . 131*132°
I
(*)~ H .P .— »A ttem pted P re | 
[be] *3 6 .5 ° o f N e u tra l E s te r 
D (P h tha lic  a c id  is
i  obtained)
(*)*C a rb in o l 
GxL -  11.5°
3)
f i)  To a. solution ©f-2*m@ih0xy*napkthaleae, (nerolin) 
($ 0 g .)in  carbon d i sulphide (250 m l.) was added powdered anhydrous 
a lum in ium  ch lo rid e  (l60g.) and then s low ly  during  20 m inu tes, ace tic  
anhydride (5 % .) w ith  continuous s tirr in g * . .D uring the add ition  o f 
the la tte r  , the tem pera tu re  o f the m ix tu re  rose to  the b o ilin g  po in t o f 
carbon disulphid® and. a ra p id  evo lu tion o f hydrogen ch lo rid e  took 
place* When a ll the ace tic  anhydride had been added, the reaction
'v
m ix tu re  was heated on the w ater bath a t about 50°C , w ith  continuous 
s tir r in g , fo r  about an hour a t the end o f w hich tim e  the evo lu tion  o f 
the gas had a lm ost ceased* The reaction  m ix tu re  was cooled and 
poured on to  crushed Ice , m ixed w ith  concentrated h yd ro ch lo ric  ac id  
(3 5 0 c .c .) and w ater (380c*e .) w ith  good s tir r in g . The decomposed 
m ix tu re  was kept overn igh t to  a llo w  the carbon disulphide to  evaporate 
as m uch as p oss ib le . The reaction  m ix tu re  was then extracted  w ith  
e the r; and the e therea l la y e r washed w ith  10% sodium hydroxide 
so lu tio n  (1 2 0 c .c . * /see  below) and then w ith  w ater (3 x  4 0 0 c .c .) 
u n til the washings were no. longer a lk a lin e .. The e therea l so lu tion  
was then d rie d  over ca lc ium  ch lo rid e , deco lourised w ith  an im a l
50
ii
cl^a rcoal, f ilte re d , concentrated and d ilu te d  w ith  light pe tro leum .
The I-a ce ty l-2 -m e th o xy  naphthalene separated as pale ye llo w  needles, 
m .p .S $ -§ 6 °, y ie ld , 20g.
converted in to  1-a c e ty l*2-hyd roxy naphthalene presum ably fey the 
action  o f the h yd ro ch lo ric  ac id  produced (Z iese l's  m ethod}* T h is  • 
a ce ty l naphihol was present in  the sodium  hydroxide so lu tion  w hich 
had been used fo r  washing the o rig in a l e the rea l so lu tion , fro m  w hich 
I t  was recovered fey add ition  o f d ilu te  h yd ro ch lo ric  a c id . I t  was
_ t  . ,
f ilte re d  o ff, washed w ith  w ater and a ir  d rie d , m .p . 52 -53°. A  p o rtio n  
re e ry s ta llis e d  fro m  re c tifie d  s p ir it  had m .p .62-63° and when m ixed 
w ith  the m ethoxyl d e riva tive  i t  m e lted  a t 38-40°C . H eilfeora gives 
m .p . 6 4 °; I t  is  rem arkab le  th a t no such dem ethylation was noticed 
du ring  the p repa ra tion  o f the iso m e ric  6 -a ce ty l d e riv a tiv e .
The a ir -d r ie d  I-a c e ty l-2-naphthol (5Qg.) was again 
d isso lved  in  a s lig h t excess o f d ilu te  sodium  hydroxide ( I2 g .)  and 
tra n s fe rre d  to  a b o ttle . ‘ An excess o f d im e thy l sulphate (65g .}  was 
added to  I t  and the whole w e ll shaken in  the shaking m achine fo r  
about an h o u r. A fte r  th is  tim e  m ost o f the 1 -ace ty l-S -hyd roxy
/  D uring ace ty la tion  m uch o f the reaction  m ix tu re  was
naphthalene had been, converted in to  1-a ce ty l-2 -m e th o xy 
naphthalene, w hich separated as a so lid  m ass* The reaction  
m ix tu re  was a llow ed to  stand and then f ilte r e d . . The residue was 
washed w ith  w ater t i l l  the washings were no longer a lka line  and 
.then driedv:®,Th® d rie d  substance was d isso lved in  e th e r, deco lourised 
w ith  an im al charcoa l and subjected to c ry s ta llis a tio n  w ith  lig h t 
pe tro leum  as b e fo re . The l-a c e ty l-2 -m e ih o x y  naphthalene separated 
as pale ye llo w  needles, m .p .§ 5 -S 6 °, y ie ld , 3 0 .Sg.
T o ta l y ie ld  o f the pure substance, th e re fo re , is  
2043O.1=50.Sg. I . e . ,  50%.
T h is  m ethod fo llow s the procedure described fey H o lle r 
(J .A .C .S ., 1924,46 ,1892.), who gave m .p .57 -58°.
( it)  A  three-necked roundfeottom  fla s k  (2 5 0 c .c .) was 
fitte d  w ith  a m echanical s t ir r e r ,  a double surface condenser and a 
dropping funne l. Powdered anhydrous a lum in ium  ch lo rid e  (22g .) was 
d isso lved  in  carbon disulphide (1 5 0 c .c .) w ith  continuous s tir r in g  and 
then ace tic  anhydride (1 0 .2 g .) was added. The reaction  m ix tu re  was 
cooled to  -5 °C  and then n e ro lin  (IS .S g . d isso lved in  3 0 c .c . o f carbon 
d i sulphide) was added, a lit t le  a t a tim e , w ith  continuous s t ir r in g .
52
The s tir r in g  continued fo r  one hour a t th is  tem pera tu re  during
w hich tim e  no hydrogen ch lo rid e  was given o ff. T h e  ice  was then
rem oved and the re actio n  m ix tu re  s tir re d  a t room *tem p@ rature,
when the reaction  m ix tu re  tu rned  green and hydrogen ch lo rid e  was
given o ff. The s tir r in g  was continued fo r  two hours a t the end o f
w hich tim e  the evo lu tion o f the gas had a lm ost ceased. The reaction
m ix tu re  was then heated to  d is t il o ff m ost o f its  carbon d isu lph ide ,
cooled and poured on to  crushed ic e , m ixed  w ith  concentrated
h yd ro ch lo ric  a c id  (45 c .c . )  and w ater {SO c .c . )  w ith  good s t ir r in g .
The decomposed m ix tu re  was then extracted  w ith  e the r; and the
e therea l la y e r washed w ith  sodium  hydroxide so lu tion  ( /  see below)
and then w ith  w ater u n til the washings were no longer a lk a lin e . The
e therea l so lu tion  was then d rie d  ove r ca lc ium  ch lo rid e , filte re d ,
concentrated and d ilu te d  w ith  lig h t pe tro leum . The l*a e e ty l*2 *
om ethoxy naphthalene separated as th ic k  ye llo w  le a fle ts , m .p .5 1  C: 
y ie ld  o f the crude product; 90* 45%.
f  D uring  a ce ty la tion , la  th is  case, on ly a sm a ll am ount 
was converted in to  l-a ce ty l*2 ♦h yd ro xy  naphthalene ( lg . )  presum ably 
owing to  the lo w e r tem pera tu re . T h is  ace ty l naphthol was present
in  th e  sodium  hydroxide  so lu tion  w hich had been used fo r  washing 
the o rig in a l e the rea l so lu tion  fro m  w hich I t  was rem oved by add ition  
o f d ilu te  h yd ro ch lo ric  a c id . ■ I t  was filte re d , washed w ith  w ater and 
dried# m .p .5 2 °C ; on m ix in g  w ith  1 ~acetyl~2*m ethoxy naphthalene 
i t  m e lted  a t 39°C . The i*ace ty l*2«aaph tho l ( Ig .)  was m ethylated 
in  the usual m anner' w ith  d im e thy l sulphate to  re co ve r the I~ a ce ty l* 
.2-m ethoxy naphthalene as described in  procedure ( i) .
. ■ When the experim ent was repeated w ith  the ace tic
anhydride  rep laced by .ace ty l ch lo rid e  the y ie ld  o f the ketone fe ll- to  
20%. F u rth e rm o re  a ttem pts to  prepare th is  ketone by m eans o f 
tita n iu m  te tra c h lo rid e  as ca ta lys t using a ce ty l ch lo rid e  o r ace tic  
anhydride in  benzene as w e ll as in  carbon d isu lph ide proved 
unsuccessful and no ketone could be iso la te d .
P re p a ra tio n  o f the Chalcone fro m  l*A c e ty l*2*M ethoxy Naphthalene, 
and Anisaldehyde:
l*a ce ty l*2 *m e th o xy  naphthalene <2g.) and am ©aldehyde 
(1 .3 % .) w ere d isso lved in  re c tifie d  s p ir it  (10 c .c . ) ,  w arm ed and a 
few  drops o f SM-sodium hydroxide added, w ith  shaking, u n til a th in  
paste was fo rm e d . A  few  c .c .  o f re c tifie d  s p ir it  were then added
to  llie  re ac tio n  m ix tu re , which m s  warm ed and set aside; pale 
y e llo w  c ry s ta ls  separated. A lte r  re c ry s ia llis a tio s t fro m  ethanol 
they fo rm ed  pal© ye llo w  le a fle ts , m .p . 108*109°, unchanged by 
fu rth e r re c ry e ia llis a tio n , y ie ld ; 2 .5g; 77%.
Found; € , 7 9 . f 2 i H, 5 . r equi r es 
'€ ,7 9 .2 4 jH »S .6t% .
This m ethod fo llo w s the procedure described by BuS-Hol 
(J .O rg ., C hem ., 1957,22,914).
P re p a ra tio n  o f l*i«|2*Methoxy»l*W'aphthyll EthanoH
1 -a c e ty l*2*m et!ioxy naphthalene (8$g .) was added to
isop ro p y l a lcoho l (680 m l.)  in  which a lum in ium  fo il (2 % .) had been
d isso lved  w ith  the a id  o f a tra c e  o f m e rc u ric  c h lo rid e . The
re su ltin g  so lu tion  was heated under re flu x  lo r  about h a lf an hour and
then s lo w ly  d is tille d  u n til the d is tilla te  became com plete ly fre e  fro m
acetone. The concentrated so lu tion  was cooled and decomposed by
pouring on to  crushed ice., m ixed w ith  w ater (1500 c .c .)  and su lphu ric
\
a c id  (90 c .c . )  w ith  good s tir r in g . The p re c ip ita te d  so lid  was then 
filte re d  © If, washed, d rie d  and c ry s ta llis e d  fro m  lig h t p e tro leum .
The re su ltin g  l* l*p *m © th o x y -l*a a p h th y l) ethanol separated as
colourless'leaflets, m .p .7 ? °C # unchanged after further recrystal* 
lisatiom, yield;49g.
. Found; C ,7 7 .5 1 ;H ,6 .7 8 :C  H C requ ires
13 14 teji.zzm9&.n%.
re d u c tio n  o f 1-A c e ty l-2 -
■ I-ace ty l-2 -m aph fbo l (5 g .) was added to iso -p ropano l 
(40 c .c . )  In  w hich a lum in ium  fo il (1 .5 g .) had been d isso lved  w ith  
the a id  o f a tra ce  o f m e rc u ric  ch lo rid e . ■ The re su ltin g  so lu tion  was 
s lo w ly  d is tille d  to  rem ove a ll the so lven t, w hich appeared to  conta in  
but lit t le  acetone. ■ The concentrated reaction  m ix tu re  was cooled 
and decomposed w ith  ice  and d ilu te  su lphu ric  a c id . The p re c ip ita te d  
s o lid  was filte re d  and d rie d ; i t  separated fro m  e ther and lig h t 
pe tro leum  (y ie ld : 3g .) as th ic k  le a fle ts , m .p .61-62°; a lone, and when 
m ixed  w ith  the o rig in a l 1 -a c e ty l-2 -maphthol. I t  is  thus c le a r th a t 
the reduction  o f the ketone had mot taken place to  any use fu l exten t.
Hydrogen P h th a lic  E s te r o f (+) - 1»1 -  (2 -M  ethoxy* I  -  Naphthy 1) E thanol;
P h th a lic  anhydride (27g .) was d isso lved in  ho t d ry  
p y rid in e  (40 m l.)  and the cooled so lu tion  m ix e d  w ith  ( f ) - l - l - ( 2 -  
m ethoxy- I  -naphthyl) ethanol (3 % .) The m ix tu re  was then
m ainta ined a t 60-70** fo r  about 5 hou rs, w ith  occasional shaking.
The re su ltin g  viscous m ass was d isso lved in  acetone and the cooled 
so lu tion  decomposed w ith  ice  and h yd ro ch lo ric  a c id  (50 c .c . )  The . 
p re c ip ita te d  paste was tr itu ra te d  w ith  ve ry  d ilu te  ice -coo led  
h yd ro ch lo ric  ac id  when, I t  s o lid ifie d  as a lig h t ye llo w  m ass. A fte r  
d ry in g  i t  had m .p . 128-127° and weighed 5 0 .Sg? y ie ld ,80%. I t  
separated fro m  ether la  co lo u rless  le a fle ts , m .p . 130°, unchanged 
b y  fu rth e r re c ry s ta llis a tio n .
Found, by ra p id  t itra tio n  w ith  0 .  IN  sodium  hyd rox ide , 
M ,3 5 0 ;^ 01|S^  re q u ire s  M ,350.
R esolu tion o f { f ) - 1 -1 -  (2-M  e thoxy-1 -  Naphthyl) E th y l Hydrogen 
P htha la te ;
The (|)*h yd ro g e a  phthalate (S6g.) and b ruc ine  (63g .) was 
d isso lved  in  w arm  acetone (1000 c .c : the la rg e  volum e o f so lvent is  
to  p revent the separation o f s a lt during  its  fo rm a tio n ); a fte r coo ling 
and standing fo r  an hour a crop  A  o f the less soluble c ry s ta llin e  
b ruc ine  s a lt (83g.) had separated. T h is  was rem oved by f ilt ra tio n  
and washed w ith  co ld  acetone; the f ilt r a te  and washings, a fte r some
evaporation bad o ccu rre d , deposited a second crop  A  o f the 'brucine ’ 
s a l i( l . 2 g 4
F ro m  crop  A , crops B (2 fg .), 3 £ {9g .}.F (4 .5g .) and 
G(2g«{ w ere obtained. A l l these had m .p . 173° and were obtained 
as rose ttes  o ! needles*
The f ilt ra te  fro m  A  , on concentra tion  and coo ling 
deposited g lobules o f a c rop  A ,(3&g«) o f the m ore  .soluble b rucine  
s a lt, m . p . 131 ~132°C. ■ T h is ' on fu rth e r c ry s ta llis a tio n  fro m  acetone 
gave crops A ^ lS g .} ,  A ^ fS g .), A ^ ( l0 g .)  and a ll had m .p . I31*132°C .
The course  o f the fra c tio n a l c ry s ta llis a tio n  Is  m ost 
c le a rly  shown by means o f the ch a rt I I  g iven on (page 58).
(+ )- I  * 1 «»(2 -M e th o xy-1 »Naphthyl) E th y l Hydrogen Phthalate;
The le ss  soluble b rucine  s a lt o f the hydrogen phtha la te , ■ 
m .p . 1130(32g .) was covered w ith  acetone and decomposed w ith  co ld  
■dilute h yd ro ch lo ric  a c id . The lib e ra te d  hydrogen phthalate was 
extrac ted  w ith  e th e r, washed w ith  w a te r, d rie d , concentrated a n d ' 
s o lid ifie d  under vacuum  as co lou rless shining am orphous s o lid . I t  
m e lted  in f in i t e ly  a t 70-80° and had[o<] lic .2 .7 2 3  in  d ry
acetone. I t  is  too soluble in  a ll solvents to  a llo w  o f c e c ry s ta llis a tio n .
D(29g.)
mpl73
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Fractional crystallisation of the two diastereois 
salts of l-l-(2-M eihoxy-l-Naphthyl) Ethyl Hydr
A(63g.) 167
B(44• 5g.) 
mpl73°
~ l
F ilt.
(3300cc)
B(5g.)
mpl73
C(36gi)
mp!73°
Filt*
<3000 c .c .)
F ilt. C
(2500cc) <6g.)
F ilt.
(lOOcc)
E(9g.)
mpl73<
F ilt. C
(lOOOcc) (3 .5g .)
I
F < 4 .5 g .)c 
m .p . 173
( i)-H .P .= 5 6 g .)
) in acetone (1
Brucine =63g.)
F ilt. (10
A  <1.2g.)
F ilt ,
Filt.
(ISOOcc)
r
m
n r -
B
(*g .)
A2 l3 g .  o 
m pl31 - l32
Filt.
(650cc)
r
a
m i
F ilt. 
(300cc)
f*T
B
&
F ilt. 
(150c.c
17
-Filt.
(350cc) 18g (lOOcc) 1.2g.
G(2g.)7 
m .p . i f 3
F ilt .(100 c . c . )  
concd. to 30 c . c . )
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( - ) - 1 -  I  ethoxy* 1 »Naphthyl) E th y l Hydrogen Phthalate;
Th© m ore soluble brucine sa il ©I the hydrogen phthalate, m .p . 
13l«432®|18g.)'was suspended In m e ton© and decomposed with dilute 
hydrochloric acid*- t h e  hydrogen phthalate thus liberated was 
extracted with ether, washed with w ater, dried, concentrated and 
solidified under vacuum as colourless shining amorphous ©olid, I 
ind elfa it*  m .p *? 0-80° and [H] ^ * 3 6 . 1  ;£, 2• 082 in  dry acetone), 
i t  is too soluble In a ll solvents to allow  recrystallisation. '
11-1-1* 1 »(2»M ethoxy ■» 1 -Naphthyl) E th y l Hydrogen Phthalate fro m  Its
optical antipodes;
O ptically pure (+) and (-)-l*l-{8 -m e th o x y -l-n a p h th y  1)
©•ethyl hydrogen phthalate |0 .l5 g . of each; m .p .70-80 ) were dissolved 
In dry acetone giving a solution with(c*3 ^ (+ )-0 .0C l.o i;*£»3.0  In  dry  
acetone). On aEowing the solvent to evaporate, phthalic acid separated 
instead of the expected (j)-hydrogen phthalate.
solvent c * ^  ,  06 H  H  H; . 1 : 5893 : ■' 5461 . 4353 .■ 5893 . 5451 4353
Acetone 2,728 * 4-1.02° +1.43° +3.16° +37.4° +52.4° +115.8°
E thanol 2,271 1 0 ,64 0.80 2.02 28.2 35.2 88 .9
C h lo ro fo rm  1,824 I  '•0 .83 *0 ,97  -1 .5 5  -4 5 .5  -5 3 ,2  -8 4 .9
:■ Carbon ■
V-distdpM^ f» .M , 124 .8 .146 .9  254.§ '
.-Benzene ;;. 2 * 5 4 '- ■ 3*00 . § * i4 ;,-: 109*4 ; 187.8" ■
F y r ii i i ie '/  — 3 a S 0 "  1-- ^ " *  12,0 15.4 *
■ I » 1 e th o x y I - PIaphtbyi) Bthsnol?
/.T h e  (^jwhydrogen phthalate (2 .7 9g-*l was dissolved in 
absolute alcohol (10 c .c *}* sodium hydroxide (O.Sg. in  I  c .c * ©I 
w ater}’added, to it  and the whole heated on the steam bath lo r a lew  
minutes when a precipitate of sodium hydrogen phthalate separated ' 
out*' The Cooled reaction m ixture « i  -diluted With water to dissolve 
the precipitate* ' The c le a r solution was' then further diluted with V 
w ater trn C ^ m c te d  with ether* ;: The dried ethereal extract was ■ 
evaporated to a thick paste which is  too soluble to be crystallised from
any of the common organic solvents; *11.5 l;c , 1.298 In dry
acetone).
(+ ) *  1 *1 * (3 »kf ethoxy * 1
To the (+)»hydrogef&phthalate |12g .) was added alcoholic
caustic potash (KOH,4g. dissolved in  15 c .c .  of. $6% ethanol) and the 
whole heated on the steam bath lo r  a lew  minutes when a bulky 
precipitate of potassium hydrogen phthalate separated. The cooled 
reaction mixture was- diluted with water when the bulky precipitate 
dissolved; ©a further dilution the carM nol separated as a paste and 
was extracted with e th e r.’ The dried ethereal solution evaporated to 
a thick paste. I t  Is too soluble to crystallise out from  any of the 
common organic'solvents. I t  had& iL  * 10.7 (JU 1 {£» 3 ,074 in  dryJL#
acetone).- ■
6 2
Specific rotatory powers of M»l*l»(8»Metho3Ey«»l»] 
in  various solvents; "
solvent c I  00  00  00 M  L?£l l®9i
r . '58*3 V; : 5481 ;  435S 5893 \ 5461 435$
Acetone 3.074 1 +0 .3?  +0.37 +0.70° +10.7° +12.0° 2 2 .7 °
Ethanol 2.230 1 0 .26 0 .35 0.78 11.6 15.7 34.0
P y rid in e  2.611 1 0 .52 0 .74  1.18 19.9 28.3  45.1
Benzene 2.239 1 0.50 0.62 1.40 21.8 27 .0  61.1
C h lo ro fo rm  1,743 I  0.00 0.00 0.00 0.00 0.00 0 .00
Carbon
d isu lph ide2.091 I  0 .00 0.00 0.00 0.00 0.00 0 .00
6 2 A
(+)-1-l-(2-Methoxy-l-Naphthyl) Ethanol
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Chapter V m
 ^■ Reactions'd£ I  » I -  I  -Naphtfoyl). E thy l Hydro gam
- iFjhthalatei - ■
.Form ation  e f± l- I - -M ethoxy- I  *H aphthyl); E th y l ■ p -T o ly  I  Sqlphoneg ■
. .A. s o lu tio n # ! the { ^ h y d ro g e n  pM balatrtO  ,?g . )  la  sodium 
asi4 Si odium toluene-jp.sulphihafce {0 .43g .)
-> a fte r  standmgFor- th ree  days- a t room. tem perature  wa# d ila ted ' w ith  a 
i - - lit t le  w a ie r •';. Th© c rys ta llin e  m a te r ia l wMeh separated was F ilte re d ,
'■ " washed and dried in  a desiccator. ■ "The resulting sulphone separated 
: ■ from  carbon d i sulphide- in  sm all leafle ts , ■ m * # . 141°, unchanged by 
;:- fu rth e r ye^erysfalllsafion ,-1: I f  hadlfil * 0 •  034 in  dry acetone) •
WmmM-: ^  X| $  O r e t i r e s  8*9*41%
f^l^H vdrogeti
A clear solution of (^)-l*l*{2-methaxy- 1 *napfiihyl| ethyl
hydrogen phfhaiate (O .Tg.) in sodium hydroxide (0 .3 N ;9 e .c .)  after 
standing fo r a few minutes began to tern m ilky . I t  was kept over­
night a t *ooxn«tei»perature and the paste extracted with e ther, the
6 4
solution dried and diluted with light petroleum* . On allowing it  to 
evaporate ©lowly, phthalic acid separated instead ©I the - expected • 
neutral ester. . ’
■■v- ' ’ (b^From  the (±)-Hydrogen FM lialate: ■
A clear solution of j+1-hydrogen phthalai© ( l .4 g .)  in  
sodium hydroxide (0.3N;1& e.e.J a lte r standing lo r a lew  minutes 
began to turn m ilky . A lte r keeping It  overnight at the room - 
tem perature, a. colourless solid had deposited. This was filtered’ 
off, washed with w ater and dried In a desiccator, Indefinite 
m .p.SO -?0#^ i e i d t  o M o . g .  ”  ’ ^
I t  is  too soluble to- be crystallised from  any of the- common 
organic solvents. " ,
6 5
■j
Chapter IX  
SUMMARY*
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Preparation and Resolution of 1-l-(4-Methoxy-4-BjPl1ewly^) Ethanol
Hi
Me2so4
M e O < ) -< >
m .p .89-90 C
A c .O + A lC l In C S ,
f .  ** ™
M e0O O C0CH3 m .p .i5 4 -1 5 5 °C
A 1 (°C 3H7,3 
Mc0O O CH0H*CH,  m -P‘ H9°C
Phthalic Anhydride & P yrid ine
N on-fo rm ation  o f <r
Sulphone in  fo rm ic  ac id
m .p.156 C
I  -
Less Soluble Quinidine Salt 
m .p. 14$°C
d
J+J-H.P. 
&<L+29.8° 
m .p . 147 C
I
M ore Soluble Quinidine Salt 
143°C ,
I
(-)-H .P . 
[bG-28.04  
m .p . 147°C^
(+)-H.P. 
m .p . 156°C
N on-fo  rm atio n
o f N eu tra l E s te r
Non-form ation 
o f Sulphone in  
a lka line  so lution
(* )-C a rb in o l .  
Jo{I *4 0 .1 ° m .p . 131 C 
D
(+)-Carbinol
+41.0° m .p . 130-131°C
(f)-Carbinol 
In .p . 119°C
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P reparation  of p*M  ethoxy-.Diphenyl;
A  com m erc ia l sample o f £*hydroxy*d iph© ayl, m .p . lb 4 °  
(35g.) was d isso lved la  a warm  d ila te  so lution o l sodium hydroxide 
(22g. in  fOO c .c .  o f w ater}; tra n s fe rre d  to a la rge  bottle and cooled. 
An. excess o f d im e thy l sulphate (SOg.) was added to  i t  and the whole 
w e ll shaken m echanica lly fo r  an h o u r. A f te r  th is  tim e  m ost o f the 
£ -h y  d r oxy - diphenyl had been converted in to  £ -m e tlioxy-d ipheny l, 
which separated as a co lourless mass o f shining c ry s ta ls . A f te r  
an hour the reaction  m ix tu re  was f ilte re d  and the residue washed 
w ith  d ilu te  sodium hydroxide so lution and then w ith  w a te r t i l l  the 
washings were no longer a lka lin e . The d rie d  substance thus obtained 
was c ry s ta llis e d  fro m  methanol as co lourless shining p la tes, m .p .  
89~f0Ps y ie ld  o f the re c ry s ta llis e d  pure p roduct, 58g.
..... x*
P repara tion  o f 4»Acetyl-4-Methaxy«» Diphenyl;
(a) Using A ce tic  Anhydride and Carbon P I sulphide •
To a so lution o f 4-m ethoxy-d iphenyl (92g.) in  carbon 
disulphide (256m l.) was added powdered anhydrous a lum in ium  ch lo ride  
(150g.) and then s low ly , during 25 m inutes, acetic  anhydride (52g.) 
w ith  continuous S t ir l in g .  During the addition o f the la t te r ,  the
tem perature  o f the reaction  m ix tu re  rose to the bo iling  point o f 
carbon di sulphide and a ra p id  evolution o f hydrogen ch lo ride  took 
p lace. When a l l  the acetic  anhydride had been added, the reaction  
m ix tu re  was heated a t about 50°C^ .with continuous s t ir r in g ,  fo r  
about an hour a t the end o f which tim e  the evolution o f the gas had 
a lm ost ceased. The reaction  m ix tu re  was cooled, carbon 
disulphide decanted o ff  and allowed to  evaporate under the hood.
The residue was m ixed w ith  the cooled reaction  m ix tu re  and the 
whole then poured on to  crushed Ice (SOOg.), m ixed w ith  concentrated 
h yd roch lo ric  ac id  (325 c .c . )  and water (325 c . c . ) ,  w ith  good s t ir r in g .  
The reaction  m ix tu re  was then extracted w ith  ch lo ro fo rm ; and the 
ch lo ro fo rm  la ye r washed w ith  sodium hydroxide so lu tion and then 
w ith  w ater u n til the washings were no longer a lka lin e . The ch lo ro ­
fo rm  la y e r was then d rie d  over ca lc ium  ch lo rid e , decolourised w ith  
an im a l charcoa l and f ilte re d . The f i l t ra te  was concentrated, d ilu ted  
w ith  benssen® and set aside to c ry s ta llis e . The 4 -ace ty l-4 -m e tho xy - 
d iphenyl separated as co lourless shining p la tes, m .p .lS 4 -4 5 5 °C , 
unchanged by fu rth e r re c ry s ta llis a tio n . Y ie ld  o f the pure 
re c ry s ta llis e d  product: 55g. (50f@).
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* The m other liq u o r  le f t  a fte r  the separation o f 4 -a c e ty l-
/
4~methoxy diphenyl oxt evaporation to  dryness gave a s e m i-so lid  
res idue , fro m  which the iso m e ric  ke^tome, 3-aceio-4-metho2cy- 
dtpheayl* was c ry s ta llis e d  fro m  m ethanol, le a fle ts , m .p .58° (y ie ld : 
S .fg .J
When the experim ent was repeated using ace ty l ch lo rid e  
In  place o f acetic anhydride the y ie ld  o f the ketone fe l l  to  23%.
Using A ce ty l C h loride  and y itrohensenct 
A  so lu tion  o f a lum in ium  ch lo ride  (8g .) in  d ry  n it ro ­
benzene -{30 € .$ • }  was m echanica lly s t ir re d  and cooled in  ice ; to  i t  
was added j^-m ethoxy-d iphenyl (10g: d isso lved in  10 c .c ,  o f n itroben ­
zene), and then s low ly  during  ten m inutes ace ty l ch lo ride  (5 g .), The 
s t ir r in g  and cooling were continued fo r  th ree  hou rs . The reaction  
m ixture# a fte r  keeping fo r  4S hours a t room  tem pera tu re , was poured, 
w ith  thorough s t ir r in g ,  on to crushed ice  m ixed w ith  h yd ro ch lo ric  
ac id  {20 c . c ; l : l ) .  The aqueous la y e r was separated and the lo w e r 
la y e r, a fte r  feeing washed w ith  d ilu te  sodium, hydroxide ( /  see below} 
and then w ith  w a te r heated in  a cu rre n t o f steam to  rem ove the n it r o ­
benzene • The non -vo la tile  m a te r ia l, which had so lid ifie d  in  about
69
one  hou r, was c ry s ta llis e d  fro m  ch lo ro fo rm  and benzene, a fte r
V.--,,. ... /
decolouris ing w ith  an im al charcoal* The 4-acetyl~4-m eth0xy 
diphenyl Separated as brownish th ick  needles, m .p . 152*153°, y ie ld : 
3.5g.{26%).
/  The d ilu te  sodium hydroxide so lution used fo r  washing
the reaction  m ix tu re , when ac id ified  w ith  h yd roch lo ric  acid  gave
y
no p rec ip ita te  showing tha t 4*acety l*4*m ethoxy diphenyl had not
been demethylated during  the reaction .
Found: C ,? f .  27; H ,5. 9®%; ca lcu lated fo r  C H O
15 14 Z
C ,T f.6 4 ;H ,6 . l9 fa .
F le s e r ^  B radsher a - A .C .S . ,  1 9 3 S ,5 |, lt3 8 1 - 
obtained the two isom e ric  ketones by condensing 4*m  ethoxy diphenyl 
w ith  ace ty l ch lo ride  in  bo iling  carbon d isulphide, in  te trachloroethaae 
a t 0 .28° and in  nitrobenzene at Q«2Q°C: tha t o f h igher m e lting  point
y
on oxidation w ith  a lka line  permanganate gave the known 4 -m  ethoxy- 
4 -carboxy diphenyl w h ils t that o f low er m e lting  point w ith  a lka line  
hypobrom ite y ie lded  4*m ethoxy-3»carboxy d iphenyl.
P repa ra tion  o f l* l*{4 *M ethoxy*4~ I3 ipheny ly I) Ethanol:
The 4 -ace ty l-4*m ethoxy d iphenyfyl (110g.) was added
to 4sopropy1 alcohol (900 m l. )  in  which a lum in ium  fo i l  (33g .| had
been dissolved w ith  the a id  o l a trace  o l m e rcu ric  ch lo rid e . The
resu lting  so lution was heated under re flu x  lo r  about h a ll an hour
and then s low ly  d is t ille d  u n ttth e  d is t illa te  became com plete ly Ire e
fro m  acetone* The concentrated so lution was cooled and
decomposed by pouring on to crushed ic e , m ixed  w ith  w ater (1200 c .c .
and concentrated su lphuric  ac id  (120 c * c .)  w ith  good s t ir r in g *  The
p rec ip ita ted  so lid  was then f ilte re d  o ff, washed, d rie d  and c ry s ta l*
/
Used fro m  benzene. The resu lting  1»1 «•< 4 - methoxy-.4-d iphenylyl) 
ethanol separated as co lourless le a fle ts , m .p .119 , unchanged a fte r  
fu rth e r re c ry s ta llis a tio n , y ie ld  o f the pure re c ry s ta llis e d  product;
80g.
Found: C ,7 8 .9 2 jH ,7.32% <J5 ^ &0 2 requ ires  C ,78.94;
H .7 .01% .
/
Hydrogen F h tha llc  E s te r o f l- l-(4 -M e th o xy -4 ~ D ip h e n y ly l)  Ethanol: 
Fh tha lic  anhydride (42g.) was d issolved in  hot d ry  
pyrid ine  (50 c*C .) and the cooled so lu tion m ixed w ith  1 -1 -(4 -methoxy-  
4 -d ipheny ly l) ethanol (4 4 .5 g .). The m ix tu re  was then m ainta ined 
a t 60-*70° fo r  about $ hours w ith  occasional shaking. -The-reau lting-
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The resu lting  viscous mass was dissolved in  acetone and the cooled 
so lu tion decomposed w ith  ice and concentrated hyd roch lo ric  acid  
(5S c .c . ) .  The hydrogen phthalate separated as a paste and a fte r 
t r i tu ra t io n  re a d ily  set to a g ranu la r powder. I t  was f ilte re d  and 
d rie d  and had m .p . I t  separated fro m  acetone in  sm a ll
le a fle ts , m .p . 156°, tmcbanged by fu rth e r c ry s ta llis a tio n , y ie ld : 
lQ0g.,q4^1>.
Found on rap id  t itra t io n *  0.3172g. o f the (j)-h yd ro ge n  
phthalate requ ired  8 .2  c .c .  o f O .IM sod ium  hydroxide (0 ,0340g.) 
so lu tion, when M , 373; u »
Resolution o f fcfc) »l*l»(4»Methoxy*4«»Diphenylyl) E th #  ffyd rogen  
'Phthalate:;
The (+)-hydrogen phthalate (41.3&g.) and quin id ine 
(35.&4g.) were d issolved in  warm  acetone (700 c .c . ) ;  the la rge  
volum e o f solvent is  requ ired  to prevent the separation o f sa lt 
during its  fo rm a tio n . A fte r  cooling and standing fo r  two hours a 
crop  A  o f the less soluble c rys ta llin e  quinid ine sa lt had separated. 
T h is  was removed by f i lt ra t io n  and washed w ith  co ld  acetone: the
f i l t ra te  and washings, a fte r being concentrated to 20 c .c .  deposited 
a crop  A  (7g«).
7The crop A  was fu r th e r  heated w ith  acetone (2200 c.c.)
o
which, on coo ling, deposited a crop B (3§g .), m .p . 144 * T h is , on
fu rth e r  warm ing w ith  acetone (2000 c .c . )  gave crop C (3 2 .5 g .),
m .p . 144° of the lee a soluble quinid ine sa lt.
F ro m  the f ilt ra te s  o f B , A , D and E , crops B (1 2 ,5 g .)#
C J3g.>, l f ( .2 5 g . ) ,  D ^ l l .S g . )  and E ^ .M g . )  o f the m ore soluble
■o
quinidine sa lt were obtained. A l l  had m .p . 143 C .
The course o f the fra c tio n a l c ry s ta llis a tio n  Is m ost 
c le a r ly  shown by means o f the cha rt 111 orfpage 73).
( 4 - ) - l* l ‘*(4^Methoxy«4*Dipheny ly  1) E thy l Hydrogen Phthalate?
The less  soluble quin id ine sa lt o f the hydrogen phthalate, 
m .p . 144 (3 2 .Sg.) was covered w ith  acetone and decomposed w ith  
co ld  d ilu te  hyd roch lo ric  acid* The libe ra ted  hydrogen phthalate set 
to a g ranu la r powder a fte r a few  m inutes ( l4 g .)  I t  was re c ry s ta llis e d  
fro m  acetone as co lou rless needles, ra .p . l4 7 ° ,  unchanged by fu rth e r 
fe c ry sU U U a tlo a . I t  had 6 0  0 +z9*8°<I» li£ .2 .3 S 0  in  d ry  acetone). 
( - ) - l -  l*(4"»Metho3gy»4*Piphenylyl) E th y l Hydrogen Phthalate;
The m ore soluble quinid ine sa lt o f the hydrogen phthalate 
(27. Sg.), m .p .  143° was suspended in  acetone and decomposed w ith
F(5g.)
j ..............
CHART I I I
Fractional crystallisation of the two diastereoisoxr
✓ ^ 
salts of 1 -1 - (4 - Methoxy-4-- $  pkeny? y 1) Ethyl Hydroge
(+).-H. F  • =47 • 36g • )
) in acetone (
Quinidine =25 • 64g •)
A(67g.) (not dried)
I
B(35g.) m .p . 146
C(32.5g.)
I
F ilt.
F ilt.
(1000 c .c ,)
B
m .p. 146' (BOOcc)
Filt
(300cc)
F ilt.
(800cc)
B(I2. 5g.) 
mpl43°
E(10.5g.)
I--------
G (3.2g.)
F ilt. 
(600cc) mp!43
F ilt. D(11.5ff.)
(300cc) mp!43
F ilt.
(30 c .c * )
F ilt.
(lOOcc)
r/
E (.5 5 g .) 
mpl43°
Filt.
(60cc)
❖
C(3;
mpl
“ 1
Filt.
( 30  c . c . )
d ilu te  hyd roch lo ric  ac id . The hydrogen phthalate thus- libe ra ted  as 
a g ranu la r powder (13g.)« I t  was re c rys ta llise d  fro m  acetone as 
co lourless needles* m .p . 147°* unchanged by fu rth e r re c ry S ta lli sa tion • 
I t  h adE ^ 0 * ^ 3 .04°(1^* 15£* Z . S32 in  d ry  acetone).
t&)»l*I»(4»Methoxy«4«»Biphenylyl) E th y l Hydrogen Phthalate fro m  its  
optica l antipodes:
O p tica lly  pure {*) and (-)  -1 -1  - (4*m ethoxy-4*d iphenyly l) e thyl 
hydrogen phthalate (O .lS g . o f each, m .p . 147°) were d issolved in  
d ry  acetone. On a llow ing th is  solvent to  evaporate the (+ )*hydrogen 
phthalate, m .p .lS 6 ° [« i]p ( i)0 .0 (J ^ , l jc ,3 .0  in  d ry  acetone) separated. 
Specific R ota tory powers o f (+)«»1*1 ~i4-Methoxy-4.»Diphenylyl) E thy l 
Hydrogen Phthalate in  various solvents:. miTrr i ■!■»<—-   1   - i " •; “ • ~n  —  -   
solvent c t &  l-i^l 1^ 1 [ i’O
* .5893 5461 435S 5893 54&1 4358
Acetone 2*380 I  +0*71 0*87 +1*33 +29*8 +36*5 +55*8
P yrid ine  3*294 1 *0*75 -0 .8 9  -1*36 -2 2 .7  -2 7 .0  -4 1 .2
Ethanol 2.476 1 +0*67 +0* 99 + 2 .0 0 + 2 7 ,0  +40,0 +80.7
C h lo ro fo rm  1.412 1 '^  ■■■■.*: -
Benzene 1.120 1 -0 .42  .0 .5 0  -0 .7 9  -3 7 .5  -4 4 .6  -7 0 .5
I t  Is  too spa ring ly  soluble in  carbon d isu lph ide .
(•*•)»I  * l*(4»M ethoKy-4-D lphem yIyl) Ethanol:.
To the (-)-hydrogen phthalate (2 • S2g •) was added
a lcoho lic  caustic potash {KQH»0.85g. la  I  & c .c .  o f 96% ethanol)
and the whole heated on the steam hath lo r  about liv e  m inutes when
a bulky p rec ip ita te  o l potassium  hydrogen phthalate separated. The
cooled reaction  m ix tu re  was d ilu ted  w ith  water when the bulky
p rec ip ita te  d issolved but on fu rth e r  d ilu tion  the ca rb ino l separated
as a co lourless p rec ip ita te . I t  was f i lte re d , washed and d rie d  in
a des icca to r. The ca rb ino l ( I .4 g . )  was re c ry s ta llis e d  fro m  benzene
and had m .p . 131 , unchanged by fu rth e r re c ry s ta llis a tio n . I t  had
\c /\ 4*41.0(1, l i e , 2.438 in  d ry  acetone).■ P ■*"' ****
( 1 - 1  -(4-MethQ3ty-4-O iphenylyl) Ethanol:-
The ( -) -c a rb in o l was obtained fro m  the (4-)-hydrogen
o _ _ o
phthalate by the above procedure, m .p .  13! , and had [pg *40 .1
D
( l , l i j s , 2.340 in  d ry  acetone).
(i)-l» l*{4 -M ethQ 3£y*4*D iphenyly l) Ethanol fro m  its  op tica l antipodes:
O p tica lly  pure ( t ) *  and (*)* l» l-(4 *m etho3cy-4*
o
diphenyly l) ethanol (O .lg . o f each, m .p . 131 ) on disso lv ing in  d ry  
acetone and a llow ing the solvent to evaporate y ie lded ( + ) - l * l - ( 4 -
xnethoacy*4*dlphenylyl) ethanol, m .p . 118-119°, \o(_j (±)Q«0(1, l;c ,
JD
2 .0  in  d ry  acetone).
✓
Specific .R ota tory Powers o f (^ )* l- l- (4 *M e th o x y -4 *D ip h e n y ly l)  
Ethanol In  various solvents:
solvent c I  .<* . H  &3 M '
5893 5461 4358 5893 5461 435S
Acetone 2.438 I  +1.00° +1.17° +2 .3° + 4 1 .0 °+ 4 7 .8 °+ 9 4 .3 °  
Ethanol 1.448 1 0.45 0 .6? 1.16 31.1 46 .2  80.1
P yrid in e  1.834 1 -1 .3 9  «1.6? .3 .0  -7 5 .7  -9 1 .5  -163 .5
C h lo ro fo rm  1.417 1 +0.83 +1.04 +1.80 +57.8 +73.3 +127.0
I t  is  too sparing ly  soluble in  carbon disulphide and benzene.
7 VC h arac te ris tic  D iagram
130
110
100
9o
70
So.
30
ZO
Chapter X
Hon^form atfon o f P i - I *  I  -(4  *M. ethoxy *4 -  D iphenyly 1 )£ thy 1 Fhtha lie  
E s te r;
;■■■%• A  so lu tion o f ( -)~ l- l- (4 -m e t! io x y -4 *d ip h e iiy ly l)  e thyl
hydrogen phthalate (0 .?5g .) in  sodium hydroxide (0 .3N ;lQ  c .c . )  
rem ained c le a r a fte r  standing f o r  one m onth a t room  tem pera tu re .
The n e u tra l es te r d id  not separate even a fte r fa rm in g  the solution 
on the steam hath fo r  an h o u r. On addition o f d ilu te  acetic ac id  . 
to  the' so lu tion unchanged hydrogen phthalate was recovered, m .p .  ; 
iS 5-156°C , =
N oa*fo rm atlon  o f {f)- i- l-(4 » M e th o xy*» 4 - Dipheny ly  1) E th y l p -T o ly l 
Sulphone:
(I) A  so lution o f the {-)~kydrogen phthalie es te r (0 .7 5 g .)
In  sodium hydroxide (0.3N;1Q c . c . )  and sodium toluene j>~sulphinate 
f0 .4 5 g .) in  w a te r were m ixed and kept a t room  tem pera tu re . Sulphone 
d id  not separate out even a fte r one month a t th is  tem pera ture  o r  
a fte r  w arm ing i t  on the steam hath fo r  an h o u r. The so lu tion was 
then decomposed w ith  d ilu te  acetic ac id  when the hydrogen phthalate
wa« recovered w ith  unchanged r a .p . l 5 5 - l 5 S ° C .
 f l i )  ' A  second a ttem pt to  prepare the sulphone was fey
using fo rm ic  ac id  as so lven t. However i t  was found tha t the 
hydrogen phthalate was decomposed fey the w arm 'ac id .'
P repara tion  o f  solvents and reagents.
C h lo ro fo rm / washed five  tim es w ith  w ater, d ried  w ith  ca lc ium  
ch lo ride  and d is tille d : the fra c tio n , b . p . 60* 62?;, was co llected . * ‘ 
Benzene, d r ie d  w ith  ca lc ium  ch lo rid e , was d is tille d : the fra c tio n , 
b .p .80*8S°C, was co llec ted ,
Acetpne. d r ie d  w ith  ca lc ium  ch lo rid e , was d is tille d : the fra c tio n  
h .p ,S $*5?0C, was co llected.
E th e r, anhydrous ether was obtained by d ry ing  i t  w ith  sodium . 
N itrobenzene, d rie d  w ith  ca lc ium  ch lo rid e , was d is tille d : the 
fra c tio n , b .p . 100°C/22mm* was co llected.
F v r id in e , d rie d  by heating under re flu x  w ith  potassium  hydroxide, 
fo r  about 3 hours, was d is tille d : the fra c tio n , b . p * I 17*118°C, was 
co llected  and stored over potassium hydroxide pe lle ts*
Carbon 'd isulphide/  d rie d  w ith  ca lc ium  ch lo ride ,- was d is tille d : the
■. *  ■ ■ . 0  'fra c tio n , b *p .46*47 C, was collected*
M ethanol, used fo r  d isso lv ing  hydrogen phthalates fo r  t it ra t io n ,  was 
f i r s t  neu tra lised  w ith  a lka li*
E thanol, com m erc ia l 99% ethanol was used w ithout fu rth e r trea tm ent 
fo r  the de term ination  o f the ro ta to ry  power o f a l l  the samples
■■'&£ hydrogen phthalate s o r o f ca rb ino ls .  ^ :
L ig h t P e tro leum , h.p.4®»&0OC and 60*80°G were u s e d .: 
laopropyl Alcohol/w a s  d rie d  w ith  potassium  carbonate. ■ ■ ■
■ A ce tic  anhydride , was d is tilled^ the fra c tio n  b.p.-(was co llec ted . 
A ce ty l ch lo rid e , the C om m erc ia l sample was used .' ' ■; 1 
A lum in ium  c h lo r id e / the anhydrous a lum in ium  ch lo rid e  supplied 
C om m erc ia lly  was used.-
v
’ ’ The a lka lo ids cinchonid ine, b rucine  and quinidine ' 
supplied co m m e rc ia lly  were used as such. ,':r
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